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Sooner  or  later, 
be  weauiiitf  him  off  the  vent. 


So  why  not  mate  it  sooner? 

i 

Weaning  protocols  that  use  capnography 
can  help  take  the  guesswork  out  of 
weaning  decisions. 

Considering  the  time,  resources,  and  quality-of-care 
issues  involved  in  weaning  ventilated  patients,  the 
implications  are  clear.  When  the  process  of  weaning 
patients  from  the  ventilator  is  arbitrary,  it  creates  variability 
that  can  lead  to  increased  costs  and  reduced  efficiency. 
There  is  an  alternative.  Close,  continuous  monitoring 
of  end-tidal  C02-  as  part  of  a  weaning  protocol -provides 
timely  information  to  help 
you  gauge  your  patient's 
ability  to  be  weaned  off  the 
ventilator.  Instituting  a 
protocol  that  leads  to  fewer 
ABGs  and  reduced  ventilator 
time  per  patient  can  save 
money,  potentially  improve 
quality  of  care,  help  reduce 
MLOS,  and  make  bed 
utilization  more  efficient. 


With  the  VLTHA  CAP  monitor, 
the  effects  of  ventilator  settings 
can  be  measured  breath  to  breath, 
rather  than  after  the  10-  to  20- 
minute  waits  associated  with 
blood  gas  analysis. 


Make  the  ULTRA  CAP  monitor  a  part 
of  your  ventilator  weaning  process. 

Nellcor  can  help  you  integrate  capnography  into  a 
vital  and  effective  weaning  protocol.  Take  advantage  of 
our  extensive  training  and  support  materials,  including 
our  comprehensive  collection  of  institutional  weaning 
protocols.  And  you  can  use  the  ULTK>\  CAP™  monitor- 
Nellcor's  premier  capnograph  and  pulse  oximeter-to 
implement  a  protocol  of  your  own. 

Because  when  it  comes  to  weaning  patients  off  the 
ventilator,  we  think  you'll  agree -the  sooner,  the  better. 

For  more  information,  contact  your  local  representative 
or  call  1-800-NELLCOR  or  510-463-4000.  (Call  our 
European  office  at  +31.73.426565  or  our  Asia/Pacific 
office  at +852.529.0363.) 

NELLCOR 

\iiii  OR  and  ULTRA  I  AP  are  trademarks  ol  Nellcoi  Incorporated. 

.    Ncllcoi  Incorporated  1994.  All  rights  reserved. 
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Summer  Forum 
Is  Approaching 


Start  planning  now  to  bring  the  whole  family 
and  join  your  RC  colleagues  in  beautiful 

Vail,  CO,  July  14-16.  Look  for  registration 
and  program  information  in  AARC  Tuned. 


See  you  there! 


When  it  comes 
to  versatility  and 
aerosol  therapy, 
I  no  other  MD1 
spacer  delivers 

"  like  ACE: 
Thanks,  DHD." 


Joe  Nicoletti,  RRT, 
Coordinator  of 
Respiratory  Therapy 


With  the  ACE 
Aerosol  Cloud 
Enhancer, 
you're  assured 
of  fast, 

effective  MDI  delivery  in  every  situation.  In 
addition  to  routine,  oral  inhalation,  ACE's 
versatile  design  permits  use  in  a  vent  circuit,  in 
conjunction  with  an  endotracheal  airway  or 
resuscitation  bag,  and  with  an  incentive 
spirometer.  Its  patented,  cone-shaped  chamber 
maximizes  respirable  volume,  while  its  clarity 
allows  you  —  and  your  patients — to  easily 
confirm  availability  of  prescribed  dose.  For  more 
information  on  ACE,  the  ACE  Patient  Training 
Video,  or  the  entire  line  of  DHD  quality 
respiratory  care  products  that  RTs  appreciate, 
please  call  DHD  toll-free  at 

HOO'847'8000. 


ODHD 


DIEMOLDING  HEALTHCARE  DIVISION 

(onoslolo.NV  13032  USA 
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Compare  Uni-Vent      to  any  other  portable 
ventilator  and  you  will  quickly  see  why 
the  Model  750  is  in  a  class  by  itself.* 


FLOW 


ADJUST    jdZ.j&f* 


•  Control,  Assist-Control  and  SIMV  operating  modes, 
optional  electronic  demand  valve  -  all  PEEP  compensable! 

•  Comprehensive  alarm  system  and  automatic  continuous  system 
self-checks  for  maximum  safety! 

•  Easy-to-operate,  logical  control  groupings,  simplify  personnel  training 

•  Operates  from  internal  battery  or  external  power  -  consumes  no  gas! 

•  High-reliability,  electronic  circuitry  is  unaffected  by  changes  in  altitude 


For  more  information  on  the  Uni-Vent     Model  750,  or  the  name  of  your  local  Representative,  call  Impact  today! 
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Abstracts 


il  Pertinent  Articles  in  Other  Journals 


Editorials  and  Commentaries  To  Note 

Pulmonary  and  Critical  Care  Procedures  (commentary) — J  Hansen-Flaschen.  Am  J  Respir  Crit  Care  Med 
1995;151:275-277.  (Pertains  to  Tape  et  al  paper  abstracted  on  Page  466.) 

Sleep  Position  and  Sudden  Infant  Death  Syndrome  (editorial)— MM  Willinger.  JAMA  1995;273:818- 
819.  (Pertains  to  papers  by  Dwyer  et  al  and  Klonoff-Cohen  et  al  abstracted  on  Page  468.) 

When  Is  CPR  Futile?— A  Alpers  and  B  Lo.  JAMA  1995;273(2):  156-158.  (Pertains  to  Curtis  et  al  paper  ab- 
stracted on  Page  470.) 

Prospects  and  Problems  in  Using  Data  from  HMOs  for  the  Study  of  Aging  Populations  and  Their 
Health-Care  Needs— ML  Durham.  Gerontologist  1995;34(4):481-485. 

Inhaled  Beta-Adrenergic  Receptor  Agonists  in  Asthma:  More  Harm  than  Good  (commentary) — TE 
Barrett  and  BL  Strom.  Am  J  Respir  Crit  Care  Med  1995:15 1 :574-577. 

Nutritional  Supplementation  in  the  ICU:  How  Critical  Is  Nutrition  for  the  Critically  III?  (commen- 
tary)—R  Koretz.  Am  J  Respir  Crit  Care  Med  1995;151:570-573. 

Pulmonary  Sequence  of  Insults  to  the  Lungs  in  Early  Life  (review) — MEB  Wohl.  Pediatr  Pulmonol 
1995;19(2):90-95. 

Functions  of  the  Surfactant  Proteins:  A  Perspective — S  Hagwood  and  FR  Poulain.  Pediatr  Pulmonol 
1995;19(2):99-104. 

Cardiorespiratory  Adaption  during  Sleep  in  Infants  and  Children — C  Gaultier.  Pediatr  Pulmonol 
1995;19(2):105-117. 

Assessment  of  Lung  Function  in  the  Intensive  Care  Unit — AH  Nama  and  CJL  Newth.  Pediatr  Pulmonol 
1995:19(2):!  18-128. 


Lack  of  Association  between  Atelectasis  and 
Fever— M  Engoren.  Chest  1995,107:81. 

Postoperative  fever  occurs  in  many  patients.  If 
no  infection  is  found,  atelectasis,  if  present, 
may  be  blamed.  This  study  of  100  postopera- 
tive cardiac  surgery  patients  followed  up  from 
day  of  surgery  through  the  second  postopera- 
tive day  with  daily  portable  chest  radiographs 
and  continuous  bladder  thermometry  was  de- 
signed to  look  for  an  association  between  at- 
electasis and  fever.  The  daily  incidence  of  at- 
electasis increased  from  43  to  69  to  79%. 
However,  the  incidence  of  fever,  defined  as 
temperature  >  38.0°  C  fell  from  37  to  21  to 
17%.  When  defined  as  temperature  >  38.5°  C, 
the  daily  incidence  of  fever  fell  daily  from  14 
to  .1  lo  1%.  Using  X-  analysis,  no  association 
could  be  found  between  lever  and  amount  of 
atelectasis.  This  contradicts  common  textbook 
dogma  but  agrees  with  previous  human  study 
and  animal  experiments. 


Intraindividual  Peak  Flow  Variability — MJ 

Hegewald,  RO  Crapo,  RL  Jensen.  Chest 
1995:107:156. 

OBJECTIVES:  To  quantify  intraindividual 
variability  in  peak  expiratory  flow  (PEF)  mea- 
sured with  peak  flowmeters  and  to  define  fac- 
tors affecting  PEF  variability.  METHODS: 
Three  hundred  one  healthy  subjects  (aged  4  to 
84  years)  were  recruited  from  sites  at  sea  level 
(n  =  220)  and  at  1,400  m  altitude  (n  =  81).  All 
testing  was  done  with  the  same  model  peak 
flowmeter.  Each  subject  was  actively  coached 
through  live  to  eight  successive  PEF  maneu- 
vers. Three  meters  of  the  same  model  were  test- 
ed using  a  mechanical  waveform  simulator  at 
three  different  flows  at  both  testing  altitudes 
(sea  level  and  at  1,400  m).  RESULTS: 
Excluding  outliers,  the  mean  PEF  was  523 
L/min,  mean  standard  variation  (SD)  was  22 
L/min.  and  mean  coefficient  of  variation  (CV) 
was  4.6%.  The  upper  95th  percentile  for  CV 


was  8%  for  adults  and  10%  for  youths. 
Analyzing  only  the  three  highest  peak  flows  for 
each  subject,  the  mean  PEF  was  539  L/min, 
mean  SD  was  12  L/min.  and  mean  CV  was 
2.4%.  The  upper  95th  percentile  for  CV  was 
6%  for  adults  and  9%  for  youths.  Linear  regres- 
sion analysis  revealed  a  small  but  statistically 
significant  correlation  (p  <  0.01 )  between  mean 
peak  flow  and  CV.  In  adults,  SD  correlated 
with  sex  (p  <  0.01 )  but  neither  CV  nor  SD  was 
correlated  with  age,  height,  weight,  or  altitude. 
Meter  variability  defined  with  the  mechanical 
waveform  simulator  was  small.  Standard  devia- 
tion varied  from  1.5  to  4.2  L/min  and  CV  from 
0.4  to  1 .6%.  When  the  three  largest  peak  flows 
for  each  subject  were  used,  5.5%  of  intraindi- 
vidual variance  was  explained  by  meter  vari- 
ance. CONCLUSIONS:  These  estimates  of  in- 
traindividual variability  in  healthy  subjects  are 
generally  lower  than  those  previously  reported. 
Meter  variability  accounts  for  only  a  small  part 
of  total  intraindividual  variability.  The  95th 
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percentile  data  suggest  that  a  fall  in  PEF  of  6  to 
8'  I  in  adults  and  9  to  10%  in  youths  would  be 
statistically  significant. 

Work  of  Breathing  after  Extubation — AM 

Ishaaya,  SD  Nathan.  MJ  Belman.  Chest 
1995;107:204. 

Recently  we  showed  that  work  of  breathing 
was  higher  in  the  immediate  period  after  extu- 
bation as  compared  with  spontaneous  breathing 
through  an  endotracheal  tube.  In  this  study,  we 
evaluated  the  glottis  and  trachea  as  potential 
sites  of  increased  airway  resistance  after  extu- 
bation. We  measured  breathing  pattern,  work  of 
breathing,  and  pressure  time  product  in  eight 
patients  during  weaning  from  mechanical  ven- 
tilation. We  acquired  data  during  pressure  sup- 
port ventilation  and  spontaneous  breathing  via 
the  ventilator,  with  the  endotracheal  tube  in 
place,  and  after  extubation.  During  bron- 
choscopy at  the  time  of  extubation,  we  exam- 
ined the  trachea  and  measured  the  cross-sec- 
tional area  of  the  glottis.  Work  of  breathing  and 
pressure  time  product  were  significantly  lower 
during  pressure  support  ventilation  as  com- 
pared with  spontaneous  breathing  after  extuba- 
tion (0.43  ±  0.10  vs  1.49  ±  0.10  J/L  and  101  ± 
22  vs  299  ±  30  cm  HjO  •  s/min,  respectively;  p 
<  0.05).  However,  both  indexes  were  signifi- 
cantly higher  after  extubation  as  compared  with 
breathing  through  the  endotracheal  tube  ( 1 .49  ± 
0.10  vs  0.95  ±  0.12  J/L.  299  ±  31  vs  196  ±  26 
cm  HiO  •  s/min  respectively;  p  <  0.05).  During 
bronchoscopy,  no  tracheal  or  glottic  narrowing 
was  detected.  The  glottic  cross-sectional  area 
was  successfully  measured  in  4  patients  at  the 
onset  of  inspiration  and  found  to  be  140  ±  15 
mm-.  This  value  was  larger  than  the  mean 
cross-sectional  area  of  the  endotracheal  tubes 
used  in  these  patients  (50  mm;).  We  conclude 
that  neither  tracheal  nor  laryngeal  disease 
caused  the  increase  in  work  of  breathing  after 
extubation.  Our  data  suggest  that  upper  airway 
narrowing  at  a  more  proximal  site,  such  as  the 
oropharynx  or  velopharynx  may  be  the  cause  of 
the  increase  in  respiratory  work. 

Knowledge  about  Pulse  Oximetry  among 
Medical  and  Nursing  Staff — MD  Stoneham. 
GM  Saville,  IH  Wilson.  Lancet  1994; 
344:1339. 

Although  pulse  oximeters  are  increasingly  used 
to  monitor  patients  on  medical  and  surgical 
wards,  stall  seem  to  receive  no  specific  training 
in  the  operation  of  these  devices.  We  investi- 
gated the  knowledge  of  junior  doctors  and  nurs- 
ing staff  about  pulse  oximetry  as  used  on  seri- 
ously ill  patients  in  a  District-General  Hospital 
in  Exeter  UK.  Thirty  medical  or  surgical  pre- 
rcgistration  house  officers  or  senior  house  offi- 
cers and   *()  stall  nurses  answered  a  structured 


questionnaire.  Questions  were  asked  about  the 
theory  behind  pulse  oximetry,  factors  affecting 
readings,  "normal"  values  in  various  patients, 
values  in  hypothetical  clinical  situations,  and 
what  training  subjects  had  received.  Responses 
were  scored  against  standard  answers  from  ref- 
erence texts.  97%  of  doctors  and  nurses  did  not 
understand  how  a  pulse  oximeter  worked  and 
were  confused  about  factors  influencing  read- 
ings. Respondents  gave  a  wide  range  of  accept- 
able saturation  values  (eg.  90-100%  for  a  fit 
adult),  thus  demonstrating  poor  understanding 
of  physiological  principles.  There  were  serious 
errors  made  in  evaluating  saturation  readings  in 
hypothetical  clinical  situations.  Only  1  doctor 
had  received  formal  training  in  the  use  of  pulse 
oximetry.  Our  survey  revealed  that  junior  doc- 
tors and  staff  nurses  were  untrained  in  pulse 
oximetry,  lacked  knowledge  of  basic  princi- 
ples, and  made  serious  errors  in  interpretation 
of  readings.  Training  is  needed  for  staff  who 
use  pulse  oximeters. 

Clinical  Risks  for  Development  of  the  Acute 
Respiratory  Distress  Syndrome — LD  Hudson. 
JA  Milberg.  D  Anardi.  and  RJ  Maunder.  Am  J 
Respir  Crit  Care  Med  1995;151:293. 

To  further  understanding  of  the  epidemiology  of 
acute  respiratory  distress  syndrome  ( ARDS).  we 
prospectively  identified  695  patients  admitted  to 
our  intensive  care  units  from  1983  through  1985 
meeting  criteria  for  seven  clinical  risks,  and  fol- 
lowed them  for  development  of  ARDS  and 
eventual  outcome.  ARDS  occurred  in  179  of  the 
695  patients  (26%).  The  highest  incidence  of 
ARDS  occurred  in  patients  with  sepsis  syn- 
drome (75  of  176. 43%)  and  those  with  multiple 
emergency  transfusions  (>  15  units  in  24  h)  (46 
of  1 15,  40%).  Of  patients  with  multiple  trauma. 
69  of  271  (25%)  developed  ARDS.  If  any  two 
clinical  risks  for  trauma  were  present,  the  inci- 
dence of  ARDS  was  23  of  57.  or  40%.  During 
the  study  period,  we  identified  48  patients  with 
ARDS  who  did  not  have  one  of  the  defined  clin- 
ical risks,  yielding  a  sensitivity  of  79%  ( 179  of 
227).  Secondary  factors  associated  with  in- 
creased risk  for  ARDS  in  clinical  risk  subgroups 
include  an  elevated  Acute  Physiologic  and 
Chronic  Health  Evaluation  II  (APACHE  II) 
score  in  patients  with  sepsis  and  increased 
APACHE  II  and  Injury  Severity  Scores  (ISS)  in 
trauma  victims.  Mortality  was  threefold  higher 
when  ARDS  was  present  (62%)  than  among  pa- 
tients with  clinical  risks  who  did  not  develop 
ARDS  ( 19%;  p  <  0.05).  The  difference  in  mor- 
tality if  ARDS  developed  was  particularly  strik- 
ing in  patients  with  trauma  (56%  versus  13%), 
but  less  in  those  with  sepsis  (69%  versus  49%). 
The  mortality  data  should  be  interpreted  with 
caution,  since  the  fatality  rate  in  ARDS  patients 
appears  to  have  decreased  in  our  institution 
from  the  time  that  these  data  were  collected. 


These  findings  should  be  considered  in  the  de- 
sign of  studies  aimed  at  preventing  or  modifying 
the  development  of  ARDS. 

Assessment  of  the  Severity  of  Asthma  by  an 
Expert  System:  Description  and  Evaluation — 

H  Redier.  J-P  Daures,  C  Michel,  H  Proudhon, 
D  Vervloet.  D  Charpin,  J  Marsac,  D  Dusser,  C 
Brambilla,  B  Wallaert.  M-C  Kopferschmitt,  G 
Pauli.  A  Taytard,  O  Cogis,  F-B  Michel  and  P 
Godard.  Am  J  Respir  Crit  Care  Med 
1995;151:345. 

Asthmaexpert,  an  expert  system  (ES),  was  pro- 
duced at  the  special  request  of  several  clinicians 
in  order  to  better  understand  the  medical  deci- 
sions made  by  clinical  experts  in  managing  an 
asthmatic  patient.  We  describe  and  evaluate  this 
knowledge  base,  focusing  mainly  on  assessment 
of  the  severity  of  asthma.  After  compiling  data 
from  a  patient,  Asthmaexpert  assesses  the  sever- 
ity of  the  disease  and  identifies  the  trigger  fac- 
tors involved,  suggests  any  further  investiga- 
tions that  may  be  required,  and  offers  a  treat- 
ment strategy.  Implemented  with  Nexpert  and 
HyperCard,  it  runs  on  a  Macintosh  personal 
computer.  The  validation  stage  involved  eight 
clinical  experts  who  provided  20  case  report 
forms  (CRF)  with  their  conclusions  about  man- 
agement of  asthma.  The  CRF  were  then  pro- 
grammed into  the  ES,  which  provided  its  own 
conclusions  about  the  same  subjects.  Afterward, 
all  the  experts  evaluated  the  conclusions  given 
by  ES  or  by  their  colleagues  in  a  double-blind 
manner.  One  hundred  twenty-seven  CRF  were 
available.  The  reliability  of  the  experts'  opinions 
was  good,  with  a  substantial  consensus  between 
them  when  assessing  severity  scores  (kappa  = 
0.27  to  0.54).  There  was  no  difference  in  con- 
cordance of  opinions  on  severity  scores  either 
between  the  experts  who  designed  the  system 
and  ES  or  between  the  other  experts  and  ES 
(weighted  kappa  =  0.72  and  0.69,  respectively). 
Experts  judged  that  the  severity  scores  given  by 
ES  were  as  good  as  those  proposed  by  their  col- 
leagues, and  that  the  overall  conclusions  given 
by  ES  were  as  good  as  or  better  than  those  given 
by  their  colleagues.  The  conclusions  drawn  by 
ES  were  given  a  good  rating.  Consequently, 
Asthmaexpert.  which  has  been  a  useful  tool  for 
discussing  management  of  asthma,  may  also  be 
useful  for  teaching  purposes. 

Heliox  Improves  Pulsus  Paradoxus  and 
Peak  Expiratory  Flow  in  Nonintubated 
Patients     with     Severe     Asthma — CA 

Manthous.  JB  Hall.  A  Melmed,  MA  Caputo.  J 
Walter,  JM  Klocksieben.  GA  Schmidt,  and 
LDH  Wood.  Am  J  Respir  Crit  Care  Med 
1995:151:310. 

Heliox  is  a  blend  of  helium  and  oxygen  with  a 
gas  density  less  than  that  of  air  that  decreases 
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airway  resistance  (Raw)  in  patients  ventilated 
for  status  asthmaticus.  We  tested  whether 
breathing  an  80:20  mixture  of  helium:oxygen 
would  reduce  pulsus  paradoxus  (PP)  and  in- 
crease peak  expiratory  flow  (PEF)  in  patients 
presenting  to  the  emergency  room  with  an  ex- 
acerbation of  asthma.  After  receiving  30  min 
of/J-agonist  aerosols  and  intravenously  admin- 
istered mefhylprednisolone.  27  patients  whose 
PP  remained  greater  than  15  mm  Hg  and 
whose  PEF  remained  less  than  250  L/min  con- 
sented to  breathe  heliox  or  room  air  for  1 5  min. 
PP  decreased  and  PEF  increased  with  time  in 
control  patients,  indicating  a  time  related  effect 
of  routine  bronchodilator  therapy  (p  <  0.05). 
PP  decreased  in  15  of  16  patients  during  he- 
liox, and  the  change  with  heliox  was  signifi- 
cantly greater  than  that  during  air  breathing  (p 
<  0.01).  PEF  measured  with  a  Wright's  peak 
flow  meter  calibrated  for  heliox  increased  in 
all  patients  breathing  heliox.  Again,  the  in- 
crease in  PEF  during  heliox  breathing  was  sig- 
nificantly greater  than  the  corresponding 
change  in  control  patients  breathing  air  (p  < 
0.001 ).  To  the  extent  that  PP  reflects  the  inspi- 
ratory fall  in  pleural  pressure,  this  reduction  in 
PP  indicates  a  substantial  reduction  in  inspira- 
tory Raw  when  the  less  dense  gas  is  inspired 
through  narrowed  bronchi  having  turbulent 
flow  regimes.  The  35%  increase  in  PEF  while 
breathing  heliox  signals  a  similar  reduction  in 
expiratory  Raw,  which  might  diminish  the  hy- 
perinflation often  observed  during  an  exacer- 
bation of  asthma.  Taken  together,  these  effects 
of  heliox  are  likely  to  diminish  the  tendency  to 
inspiratory  muscle  fatigue  until  bronchodila- 
tion  is  effected  during  initial  treatment  of  se- 
vere asthma. 

Asthma  Self-Management  Education 
Program  by  Home  Monitoring  of  Peak 
Expiratory  Flow — JM  Ignacio-Garcia  and  P 
Gonzalez-Santos.  Am  J  Respir  Crit  Care  Med 
1995:151:353. 

A  prospective  controlled  trial  of  home  moni- 
toring of  peak  expiratory  flow  rate  (PEFR) 
was  conducted  to  determine  the  usefulness  of 
an  objective  measure  of  lung  function  in  asso- 
ciation with  an  education  program  and  a  med- 
ication self-management  plan  in  reducing 
morbidity  in  adult  patients  with  asthma. 
Thirty-five  patients  managed  themselves, 
using  peak  How  readings  as  the  basis  for  the 
therapeutic  plan  coupled  with  educational  in- 
tervention, whereas  35  control  patients  used 
symptoms  and  spirometric  data  for  following 
physicians'  treatment  plans.  After  a  6-mo 
study  period,  patients  in  the  experimental 
group  showed  statistically  significant  im- 
provements in  morbidity  parameters  (days 
lost  from  work,  acute  asthma  attacks,  days  on 
antibiotic  therapy,  physician  consultations, 


and  emergency  room  admissions  for  asthma), 
increases  in  FVC,  FEV,,  and  FEV,/FVC, 
mean  PEFR  and  mean  morning  PEFR,  de- 
crease in  percentage  of  the  mean  PEFR  ampli- 
tude, and  a  reduction  in  the  use  of  inhaled 
/agonists,  oral  theophylline,  and  oral  pred- 
nisone. Although  improvements  in  some  of 
these  parameters  were  also  found  in  the  con- 
trol group,  they  did  not  reach  the  levels  of  sig- 
nificance obtained  in  the  experimental  group. 
The  personal  use  of  an  objective  measure  of 
lung  function  in  association  with  a  medication 
self-management  plan  leads  to  improvement 
in  the  patient's  condition. 

Efficacy  of  Uniphyl®,  Salbutamol,  and 
Their  Combination  in  Asthmatic  Patients 
on    High-Dose    Inhaled   Steroids — RN 

Rivington.  L-P  Boulet,  J  Cote,  H  Kreisman,  Dl 
Small,  M  Alexander,  A  Day,  Z  Harsanyi.  and 
AC  Darke.  Am  J  Respir  Crit  Care  Med 
1995;151:325. 

A  group  of  32  patients  with  moderately  se- 
vere, chronic  asthma  (mean  FEV]  55%  of  pre- 
dicted), maintained  on  moderately  high  doses 
of  inhaled  corticosteroids  (mean  dose  1,100 
/jg/dL),  participated  in  this  doubleblind, 
placebo-controlled  crossover  study.  The  ef- 
fect on  pulmonary  function  of  adding  theo- 
phylline (U,  once  daily  Uniphyl®),  inhaled 
salbutamol  ( S,  200  pg  four  times  per  day ),  and 
their  combination  (C)  or  placebo  (P)  was  as- 
sessed on  Day  14  of  each  treatment  phase. 
Patients  recorded  peak  expiratory  flow,  asth- 
ma symptom  severity  (morning  and  evening), 
and  use  of  rescue  salbutamol  inhaler  in  daily 
diaries.  Mean  FEV,  between  0730  and  1 800  h 
and  maximum  FEVi  between  0730  and  1300 
h  were  significantly  higher  on  U,  S,  and  C 
compared  with  P  (p  <  0.006).  Morning  peak 
flow  and  FEV|  (0730  h)  were  significantly 
higher  on  U  and  C  compared  with  S  and  P  (p  < 
0.01).  Evening  peak  flow  was  higher  on  U 
than  P  (p  <  0.001),  and  C  was  higher  than  S 
and  P  (p  <  0.01).  Rescue  salbutamol  inhaler 
use  was  significantly  higher  on  P  than  on  U, 
C,  or  S  (p  =  0.0001 ).  Patient  rating  of  asthma 
symptoms  during  C  was  significantly  better 
than  on  S  or  P  (p  <  0.05).  Patient  rating  of 
asthma  control  and  study  phase  preference 
was  significantly  higher  on  combination  and 
Uniphyl  alone  than  on  placebo,  the  combina- 
tion also  being  superior  to  salbutamol  alone. 
Addition  of  Uniphyl  or  a  combination  of 
Uniphyl  and  salbutamol  significantly  im- 
proves pulmonary  function  and  asthma  symp- 
toms in  patients  treated  with  high  doses  of  in- 
haled corticosteroids  and  as-needed  fi  ago- 
nists. These  findings  are  supportive  of  the 
international  guidelines  for  the  treatment  of 
asthma. 


Procedural  Skills  of  Practicing 
Pulmonologists:  A  National  Survey  of  1,000 
Members  of  the  American  College  of 
Physicians — TG  Tape,  LL  Blank  and  RS 
Wigton.  Am  J  Respir  Crit  Care  Med 
1995:151:282. 

We  surveyed  pulmonologists  to  determine 
which  procedures  they  do  in  practice,  where 
they  learned  the  procedures,  and  how  much 
training  they  recommend  to  attain  and  main- 
tain clinical  competence  in  each.  We  mailed  a 
survey  to  a  random  sample  of  1 ,000  members 
of  the  American  College  of  Physicians  who 
were  identified  as  practicing  pulmonologists; 
755  (75%)  responded.  Respondents  performed 
a  variety  of  pulmonary  procedures,  an  average 
of  17  of  the  29  listed.  Pulmonologists  who 
were  more  recent  graduates,  who  worked 
longer  hours,  and  who  were  involved  in  critical 
care  did  a  greater  variety  of  procedures.  Only 
26%  of  practicing  pulmonologists  currently  do 
all  the  procedures  required  for  board  certifica- 
tion in  pulmonary  medicine.  For  each  of  13 
specifc  procedures,  the  number  reported  done 
in  the  past  year  was  generally  unrelated  to 
practice  factors.  Many  respondents  who 
learned  procedures  in  practice  did  so  without 
formal  training  or  supervision.  Respondents' 
recommendations  regarding  numbers  of  proce- 
dures required  to  attain  or  maintain  compe- 
tence did  not  vary  greatly.  Pulmonologists  vary 
considerably  in  the  types  of  procedures  they 
do.  Their  opinions  about  the  training  needed 
for  competence  help  to  better  define  require- 
ments for  training  programs.  More  attention 
should  be  focused  on  training  and  certifying 
practicing  pulmonologists  in  procedures 
learned  after  formal  fellowship  training. 

Gender  Differences  in  Lung  Growth — M 

Hibbert.  A  Lannigan,  J  Raven.  L  Landau,  and 
PPhelan.  Pediatr  Pulmonol  1995;19:129. 

Annual  measurements  of  lung  volumes  and 
forced  expiratory  flows  were  made  in  281  boys 
and  girls  from  8  to  12  years  and  in  another  co- 
hort of  287  from  12  to  20  years  to  measure  lon- 
gitudinal lung  growth.  Gender  differences  in 
growth  of  lung  function  were  documented, 
with  girls  generating  greater  volume-standard- 
ized maximal  expiratory  flows  until  age  18.5 
years.  Beyond  that  age,  boys  generated  higher 
expiratory  flows  in  proportion  to  total  lung  ca- 
pacity (TLC).  There  was  a  time  lag  of  up  to  1 
year  between  the  age  of  peak  growth  velocity 
in  lung  volume  and  peak  growth  velocity  in 
height.  Age  at  peak  growth  in  flow  lagged  an- 
other year  behind  that  in  volume.  This  was 
noted  more  in  boys  than  girls.  Dysanaptic  lung 
growth  was  found  with  differing  rates  of 
growth  of  maximal  expiratory  flow  compared 
H  ilh  FIX'  or  vital  capacity  (VC). 
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Clinical  Value  of  Antenatal  Fetal  Pulse 
Oximetry — E  van  Oudgaarden  and  N 
Johnson.  J  Perinat  Med  1994;22:295. 

The  aim  of  this  prospective  observational 
Study  was  to  see  if  high  quality  fetal  pulse 
oximetry  signals  can  be  obtained  from  the 
fetus  before  labour.  It  was  carried  out  in 
Labour  Ward.  Clarendon  Wing.  Leeds  General 
Infirmary  and  St  James  Hospital,  Leeds  We 
studied  Caucasian  term  fetuses  antenatally  and 
20  fetuses  during  labour.  Antenatal  fetal  oxy- 
gen saturation  was  measured  using  a  sensor 
passed  through  the  cervix  onto  the  membranes 
covering  the  fetus  before  the  onset  of  labour. 
The  quality  of  these  signals  was  compared  to 
data  obtained  from  20  fetuses  monitored  dur- 
ing active  labour  after  amniotomy.  High  quali- 
ty pulse  oximetry  signals  were  obtained  for 
less  than  1%  of  the  monitoring  time  before  the 
onset  of  labour  (95%  CI,  0-2.5%).  High  quality 
data  were  seen  38.6%  of  the  time  once  the 
membranes  were  ruptured  and  the  head  de- 
scended into  the  pelvis.  With  present  technolo- 
gy, fetal  pulse  oximetry  will  not  contribute  to 
antenatal  fetal  assignment. 

Blue-collar  Normative  Spirometric  Values 
for  Caucasian  and  African-American  Men 
and     Women     Aged     18     to     65— HW 

Glindmeyer.  JJ  Lefante,  C  McColloster.  RN 
Jones,  and  H  Weill.  Am  J  Respir  Crit  Care 
Med  1995:151:412. 

Normative  spirometric  values  were  derived 
from  5.042  white  (of  mainly  European  ances- 
try! and  black  (of  mainly  African  ancestry) 
men  and  women  paper  plant  workers  who  are 
never-smokers,  with  no  respiratory  symptoms 
or  diagnoses  and  no  history  of  occupational  ex- 
posure to  fibrogenic  dusts  or  irritant  chemicals. 
This  cohort  was  selected  from  a  much  larger 
population  under  long-term  respiratory  surveil- 
lance (n  >  50.000  at  50  plants).  Standardized 
equipment,  procedures,  and  data  reduction 
methods  complied  with  ATS  recommenda- 
tions. Data  were  collected  by  the  medical  de- 
partments of  the  participating  companies  as 
pan  ol  their  routine  health  surveillance,  and  the 
graphic  ami  numeric  test  results  were  transmit- 
ted to  the  Tulane  University  Section  of 
Environmental  Medicine  for  centralized  quali- 
ty assurance,  interpretation,  and  archiving.  The 
large  numbers  allow  derivation  of  gender-  and 
race-specific  reference  values.  Lower  limits  of 

normal  were  derived  and  depend  upon  residual 

variation  ,tm\  any  changes  m  variation  with 
age  The  results  indicate  thai  polynomial  re- 
gression equations  provide  a  significantly  bet- 
ter lit  than  linear  regressions  with  breakpoints 
In  addition  (0  being  more  biologically  plausi- 
ble, the  polynomial  model  more  closely  match- 
es observed  longitudinal  changes  in  lung  tunc 
lion  with  age.  The  age  range  of  the  cohort,  IS 
in  65,  provides  a  regression  thai  more  closely 


matches  the  observed  values  in  this  range,  be- 
cause it  does  not  include  "supernormal"  elderly 
survivors,  which  can  lessen  the  slope  of  the  re- 
gression and  artifactually  increase  the  predict- 
ed values  of  50  to  65  yr  olds.  The  regression 
equations  derived  for  black  men  and  women 
do  not  support  the  use  of  a  single  race  adjust- 
ment (0.85  or  0.88)  for  all  age.  sex.  height,  and 
spirometric  test  parameter  combinations. 
These  race-  and  gender-  specific  regression 
equations,  with  their  respective  lower  limits  of 
normal,  should  improve  the  detection  and 
quantification  of  adverse  health  effects  in 
working  individuals  and  populations. 

The  Contribution  of  Changes  in  the 
Prevalence  of  Prone  Sleeping  Position  to  the 
Decline  in  Sudden  Infant  Death  Syndrome 
in  Tasmania — T  Dwyer,  A-L  Ponsonby,  L 
Blizzard.  NM  Newman,  JA  Cochrane.  JAMA 
1995:273:783. 

Objective:  To  determine  the  independent  con- 
tribution of  changes  in  infant  sleep  position  to 
the  recent  decline  in  sudden  infant  death  syn- 
drome (SIDS)  rate  in  Tasmania.  Design:  ( 1  )  A 
comparison  of  the  whole  population  incidence 
of  SIDS  before  and  after  an  intervention  to  re- 
duce the  prevalence  of  prone  sleeping  position. 
(2)  A  within-cohort  analysis  of  the  contribu- 
tion of  sleep  position  and  other  exposures  to 
the  decline  in  SIDS  after  the  intervention. 
Setting:  Tasmania,  Australia.  Participants:  ( 1 
)  All  SIDS  cases  from  1975  through  1992.  (2) 
A  sample  of  one  in  five  infants  born  in 
Tasmania  who  at  perinatal  assessment  were 
scored  to  be  at  higher  risk  for  SIDS  since 
January  1988.  Of  5.534  infants  included  in  the 
study.  39  later  died  of  SIDS.  Interventions: 
Multiple  public  health  activities  to  reduce  the 
prevalence  of  the  prone  infant  sleeping  posi- 
tion in  Tasmania  and  verbal  information  on  the 
association  between  prone  position  and  SIDS 
to  cohort  participants  from  May  1.  1991.  Main 
Outcome  Measure:  Sudden  infant  death  syn- 
drome incidence.  Results:  The  Tasinanian 
SIDS  rate  decreased  (P  <  .01  )  from  3.8  (95% 
confidence  interval  [CI],  3.5  -  4.2)  deaths  per 
1,000  live  births  from  1975  through  1990  to  a 
rate  of  1.5  (95%  CI,  0.9  -  2.2)  deaths  per  1,000 
live  births  in  1991  through  1992.  The  SIDS 
mortality  rate  in  the  cohort  by  period  of  birth 
was  7.6  (95%  CI.  4.9  -  10.3)  deaths  per  1.000 
live  births  for  those  born  from  May  I,  1988. 
through  April  30.  1991.  and  4.1  (95<7f  CI.  1.3  - 
7.0)  deaths  per  1.000  infants  for  those  born 
from  May  I.  1991.  through  October  31.  1992. 
The  prevalence  of  usual  prone  sleeping  posi- 
tion at  I  month  of  age  was  29.9' i  and  4.391  in 
these  two  cohorts,  respectively  (adjusted  odds 
ratio,  0.11;  95%  CI,  0.08  -  0.13).  Logistic  re- 
gression demonstrated  that  70';  of  the  SIDS 
rale  reduction  in  the  cohort  could  be  accounted 
lor  by  the  decreased  prevalence  of  the  prone 
sleeping  position.  Other  factors  examined  indi- 


vidually contributed  to  less  than  10%  of  the 
SIDS  rate  reduction.  Conclusions:  The  major 
contributing  factor  to  the  recent  SIDS  rate  de- 
cline in  Tasmania  has  been  the  reduction  in  the 
proportion  of  infants  usually  sleeping  prone. 

A  Case-Control  Study  of  Routine  and  Death 
Scene  Sleep  Position  and  Sudden  Infant 
Death  Syndrome  in  Southern  California — 

HS  Klonoff-Cohen.  JAMA  1995:273:790. 

Objective:  To  investigate  whether  infants  who 
died  of  sudden  infant  death  syndrome  (SIDS) 
were  routinely  placed  in  different  sleep  posi- 
tions compared  with  healthy  infants  in  a  multi- 
ethnic diverse  population  in  the  United  States. 
Design:  A  population-based  case-control 
study.  Setting:  Five  counties  in  Southern 
California  including  Los  Angeles,  Orange.  San 
Bernardino.  Riverside,  and  San  Diego. 
Participants:  Parents  of  200  white,  African- 
American,  Hispanic,  and  Asian  infants  who 
died  of  SIDS  between  January  1989  and 
December  1992  and  parents  of  200  healthy, 
living  infants  matched  on  the  basis  of  birth 
hospital,  birth  date,  race,  and  gender. 
Information  was  obtained  from  detailed  tele- 
phone interviews  with  the  parents  and  validat- 
ed with  obstetric  and  pediatric  records.  Main 
Outcome  Measures:  Routine  sleep  position, 
type  of  bedding,  and  objects  in  bed  were  deter- 
mined for  both  case  and  control  infants,  while 
the  last-placed  and  found  sleep  and  face  posi- 
tions at  death  were  reported  for  SIDS  infants. 
Results:  Approximately  66%  of  SIDS  infants 
and  64%  of  comparison  infants  routinely  slept 
on  their  abdomens  (P  =  .91).  At  the  time  of 
death.  80%  of  cases  were  found  sleeping  on 
their  abdomens.  There  was  no  difference  in 
routine  sleep  position  for  SIDS  infants  and 
comparison  infants  (odds  ratio  =  0.76:  95% 
confidence  interval.  0.42  to  1.38).  while  simul- 
taneously adjusting  for  birth  weight  (in  grams), 
medical  conditions  at  birth,  breast-feeding, 
passive  smoking,  maternal  recreational  drug 
use,  prenatal  care,  and  infant  vomiting. 
Hispanic  parents  routinely  placed  their  infants 
on  their  abdomens  less  frequently  than  white 
parents  (P  <  .01 ).  However,  the  prone  sleep  po- 
sition (face  down)  was  the  most  commonly 
found  sleep  position  at  death  in  both  Hispanic 
and  non  Hispanic  infants.  Conclusions: 
Routine  prone  sleep  position  was  not  associat- 
ed with  an  increased  risk  of  SIDS  in  this  study 
population.  The  results  need  to  be  confirmed 
with  other  parents  of  SIDS  infants  interviewed 
before  the  height  of  publicity  regarding  prone 
sleep  position  in  the  United  Stales. 

The  Kffect  of  Passive  Smoking  and  Tobacco 
Exposure  through  Breast  Milk  on  Sudden 
Infant  Death  Syndrome — HS  Klonolf- 
Cohen,  SL  Edelstein,  F.S  Lefkowitz,  IP 
Srinivasan,  D  Kaegi.  JC  Chang,  and  K  Wiley. 
JAMA  1995;273:795. 
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Objective:  To  examine  the  relationship  be- 
tween sudden  infant  death  syndrome  (SIDS) 
and  smoking  during  pregnancy;  postnatal  to- 
bacco smoke  exposure  from  the  mother,  father, 
live-in  adults,  and  day  care  providers;  and 
postnatal  smoke  exposure  from  breast-feeding. 
Design:  Case-control  study.  Setting:  Five 
counties  in  Southern  California.  Participants: 
A  total  of  200  white,  African-American, 
Hispanic,  and  Asian  parents  of  infants  who 
died  of  SIDS  between  1989  and  1992  were 
compared  with  200  control  parents  who  deliv- 
ered healthy  infants.  Case  infants  were 
matched  to  control  infants  on  the  basis  of  birth 
hospital,  birth  date,  gender,  and  race.  All  infor- 
mation was  obtained  from  a  detailed  telephone 
interview  and  validated  with  medical  records. 
Main  Outcome  Measures:  Risk  of  SIDS  as- 
sociated with  passive  smoking  by  the  mother, 
father,  live-in  adults,  and  day  care  providers; 
smoking  in  the  same  room  as  the  infant;  total 
number  of  cigarettes  smoked  by  all  adults;  and 
maternal  smoking  during  the  time  period  of 
breast-feeding.  Results:  Conditional  logistic 
regression  resulted  in  overall  adjusted  odds  ra- 
tios (ORs)  for  SIDS  associated  with  passive 
smoke  from  the  mother  of  2.28,  the  father  of 
3.46,  other  live-in  adults  of  2.18,  and  all 
sources  of  3.50  (95%  confidence  interval, 
1.81-6.75),  while  simultaneously  adjusting  for 
birth  weight,  sleep  position,  prenatal  care, 
medical  conditions  at  birth,  breast-feeding,  and 
maternal  smoking  during  pregnancy.  A  dose- 
response  effect  was  noted  for  SIDS  associated 
with  increasing  numbers  of  cigarettes,  as  well 
as  total  number  of  smokers.  Breast-feeding 
was  protective  for  SIDS  among  nonsmokers 
(OR  =  0.37)  but  not  smokers  (OR  =  1.38), 
when  adjusting  for  potential  confounders. 
Conclusions:  Passive  smoking  in  the  same 
room  as  the  infant  increases  the  risk  for  SIDS. 
Physicians  should  educate  new  and  prospec- 
tive parents  about  the  risks  of  tobacco  smoke 
exposure  during  pregnancy  and  the  first  year  of 
the  infant's  life. 

Continuous  Versus  Bilevel  Positive  Airway 
Pressure  for  Obstructive  Sleep  Apnea — MK 
Reeves-Hoche,  DW  Hudgel,  R  Meek,  R 
Witteman,  A  Ross,  and  CW  Zwillich.  Am  J 
RespirCrit  Care  Med  1995;  15 1:443. 

Recent  objective  studies  demonstrate  relatively 
low  hours  of  nightly  use  during  nasal  continu- 
ous positive  airway  pressure  (CPAP)  therapy 
for  obstructive  sleep  apnea  (OS A).  Patients 
frequently  complain  of  dyspnea  or  discomfort 
during  CPAP  use.  especially  during  expiration 
(against  the  continuous  pressure),  which  may 
he  a  reason  lor  the  low  hours  of  use.  We  hy- 
pothesized thai  with  decreased  expiratory  pres- 
sure, hours  of  nightly  use  would  increase. 
Therefore,  we  randomi/.ed  83  OSA  patients  to 
receive  either  continuous  or  bilevel   positive 


airway  pressure  when  expiratory  pressure  is 
lower.  To  document  objectively  the  effective 
use  of  either  therapy,  we  built  and  installed 
elapsed-time  and  mask  pressure  sensors  in  the 
patients'  positive  airway  pressure  units.  A  total 
of  62  patients  were  evaluable  and  followed  for 
1  year.  Of  these,  26  received  bilevel  and  36 
CPAP  pressures.  The  machine  timers  mea- 
sured accumulated  "machine-on"  time,  and  the 
mask  pressure  sensor  recorded  the  total  time  in 
which  the  mask  pressure  was  within  2  cm  LLO 
of  the  effective  pressure  (pressure  shown  to 
eliminate  95%  of  the  obstructive  apneas  during 
a  full  night  of  polysomnography).  The  mean 
machine  timer  hours  of  CPAP  were  5.0  ±  0. 19 
SEM  and  4.9  +  0.23  SEM  during  bilevel  thera- 
py (p  =  NS)  over  a  12-mo  period.  The  pres- 
sures required  during  CPAP  or  bilevel  therapy 
were  not  different  between  high  and  low 
hourly  users.  Effective  use.  the  percentage  of 
time  that  the  machine  was  running  and  the  pre- 
scribed pressure  was  being  delivered  was  80% 
in  CPAP  and  82%  in  the  bilevel  users  (p  =  NS). 
Both  groups  had  equal  complaints  with  regard 
to  mask  discomfort,  machine  noise,  and  nasal 
stuffiness.  In  conclusion,  no  difference  in  aver- 
age hours  of  use  during  12  mo  of  CPAP  and 
bilevel  therapy  was  identified  in  the  OSA  pa- 
tients studied. 

Psychosocial  Functioning  of  Young  Adults 
with  Cystic  Fibrosis  and  Their  Families — 

C  Blair,  A  Cull,  and  CP  Freeman.  Thorax 
1994;49(8):798. 

Background:  The  psychosocial  functioning  of 
adolescents  and  young  adults  with  cystic  fibro- 
sis still  living  in  the  parental  home  was  investi- 
gated. With  its  proven  genetic  aetiology  cystic 
fibrosis  is  an  ideal  model  with  which  to  assess 
the  impact  of  a  chronic  and  life  threatening  dis- 
order on  family  and  individual  psychological 
and  social  functioning.  Methods:  Twenty  nine 
patients  with  cystic  fibrosis  and  their  families 
were  compared  with  those  of  27  patients  with 
anorexia  nervosa  and  31  well  controls. 
Assessments  were  made  using  self  reporting, 
interview,  and  observational  methods. 
Results:  Most  patients  with  cystic  fibrosis 
were  in  robust  psychological  health  and  only 
differed  from  their  healthy  peers  in  that  they 
were  much  less  likely  to  be  in  employment. 
Mothers  of  patients  with  cystic  fibrosis  or 
anorexia  nervosa  were  more  likely  than  the 
mothers  of  the  well  group  to  be  emotionally 
distressed,  although  this  was  not  so  for  fathers. 
Young  people  in  both  illness  groups  were  more 
likely  to  have  parents  with  high  levels  of  ex- 
pressed emotion.  Most  families  of  patients 
wilh  cystic  fibrosis  had  good  problem  solving 
abilities.  Conclusions:  In  spite  of  the  burden 
of  illness  in  cystic  fibrosis  psychological  func- 
tioning in  many  respects  matches  that  of  well 
young  people. 


Use  of  the  Medical  Futility  Rationale  in  Do- 
Not- Attempt-Resuscitation  Orders — JR 
Curtis,  DR  Park,  MR  Krone,  RA  Pearlman. 
JAMA  1995;  273:  124. 

Objective:  To  describe  the  use  of  the  medical 
futility  rationale  in  do-not-attempt-resuscita- 
tion  (DNAR)  orders  written  for  medical  inpa- 
tients. Design:  Structured  interviews  with 
medical  residents.  Methods:  Second-  and 
third-year  internal  medicine  residents  (n  =  44) 
were  telephoned  weekly  and  briefly  inter- 
viewed about  each  patient  who  received  a 
DNAR  order  in  the  preceding  week.  Setting: 
Two  university-affiliated  hospitals:  a  veterans 
affairs  medical  center  and  a  municipal  hospi- 
tal. Patients:  One  hundred  forty-five  medical 
inpatients  for  whom  DNAR  orders  were  writ- 
ten during  their  hospitalization.  Results: 
Residents  stated  that  the  medical  futility  ratio- 
nale applied  for  91  patients  (63%),  but  this  ra- 
tionale was  invoked  independent  of  patient  or 
surrogate  choice  for  only  1 7  patients  ( 1 2% ).  Of 
the  91  patients  for  whom  futility  applied,  both 
quantitative  futility  (low  probability  of  suc- 
cess) and  qualitative  futility  (poor  quality  of 
life  if  cardiopulmonary  resuscitation  |CPR] 
were  performed)  applied  to  45  (49%),  quanti- 
tative futility  alone  to  30  (33%).  and  qualita- 
tive futility  alone  to  16  (18%).  Residents  report 
that  they  discussed  resuscitation  issues  with  all 
communicative  patients  for  whom  the  medical 
futility  rationale  was  invoked.  Among  patients 
for  whom  quantitative  futility  applied,  resi- 
dents' predictions  of  the  probability  that  pa- 
tients would  survive  to  hospital  discharge  after 
CPR  varied  from  0%  (for  60%  of  patients)  to 
75%.  For  32%  of  these  patients,  residents  pre- 
dicted survival  at  5%  or  more.  Logistic  regres- 
sion modeling  showed  that  the  presence  of 
organ  failure  (odds  ratio  [OR],  8.9;  95%  confi- 
dence interval  [CI],  3.3-23.9).  the  residents'  es- 
timates of  the  probability  of  surviving  CPR 
(OR,  0.94;  95%  CI,  0.88-0.99),  and  nonwhite 
race  (OR,  2.7;  95%  CI,  1.1-6.3)  were  associat- 
ed with  ihe  determination  of  quantitative  futili- 
ty. In  one  third  of  the  cases  where  qualitative 
futility  applied,  residents  made  the  judgment 
of  qualitative  futility  without  discussing  quali- 
ty of  life  with  communicative  patients. 
Logistic  regression  modeling  showed  immo- 
bility (OR,  3.2;  95%  CI,  1.1-9.0)  and  age  >  75 
years  (OR.  0.3;  95%  CI.  0.1-0.8)  to  be  associ- 
ated with  the  determination  of  qualitative  futil- 
ity. Conclusions:  While  residents  did  not  ap- 
pear to  use  (he  medical  futility  rationale  to 
avoid  discussing  DNAR  issues  wilh  patients, 
we  found  evidence  of  important  misunder- 
standings of  the  concepts  of  both  quantitative 
and  qualitative  futility.  If  the  futility  rationale 
is  to  be  applied  to  withholding  or  withdrawing 
medical  interventions,  practice  guidelines  for 
ils  use  should  be  developed,  and  education 
about  medical   futility   must  be  incorporated 
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Abstracts 


into  medical  school,  residency  training,  and 
continuing  medical  education  programs. 

Spirometric  Reference  Values  for  White 
European  Children  and  Adolescents:  Polgar 
Revisited— PH  Quanjer.  GJJM  Borsboom,  B 
Brunekreef.  M  Zach,  G  Forche,  JE  Cotes,  J 
Sanchis.  and  P  Paoletti.  Pediatr  Pulmonol 
1995:19:135. 

Summary:  We  analyzed  six  spirometric  data 
sets  collected  in  the  Netherlands,  Austria,  the 
United  Kingdom,  Spain,  and  Italy.  The  objec- 
tives were  to  establish  whether  ( 1 )  it  was  possi- 
ble to  describe  spirometric  indices  from  child- 
hood to  adulthood,  taking  into  account  the  ado- 
lescent growth  spurt,  and  (2)  there  are 
systematic  differences  in  ventilatory  function 
between  children  and  adolescents  in  different 
parts  of  Western  Europe.  The  study  comprised 
2,269  girls  and  3,592  boys,  aged  6-21  years. 
The  range  in  standing  height  was  1 10-185  cm. 
in  girls.  1 10-205  cm,  in  boys.  The  model  appli- 
cable to  all  data  sets  was  In  FVC  or  In  FEV|  = 
a  +  (b  +  c  •  A)  ■  H.  where  H  =  standing  height 
and  A  =  age;  this  model  prevents  the  phase 
shift  between  the  adolescent  growth  spurt  in 
length  and  lung  volume  from  leading  to  an  age- 
dependent  bias  in  predicted  values.  There  was 
surprising  agreement  between  most  of  the  data 
sets;  systematic  differences  are  probably  due  to 
technical  factors  arising  from  ATPS-BTPS 
corrections  and  from  defining  the  end  of  breath 
with  pneumotachometer  systems.  Taking  those 
into  account,  prediction  equations  for  FVC. 
FEV[,  and  FEVi%FVC  were  developed  with 
"lower  limits  of  normal"  which  should  be  ap- 
plicable to  children  and  adolescents  of 
European  descent.  It  is  proposed  that  the  ap- 
proach of  analyzing  available  data  sets  should 
also  be  applied  to  other  ventilatory  indices, 
data  collected  in  adults  and  elderly  subjects,  or 
in  other  ethnic  groups,  and  that  an  international 
database  be  set  up  to  that  end. 
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Newport's  Wave  VM200 

ventilator  is  designed  to 

quickly  wean  even  the  most 

difficult  patients. 

Effectively  weaning  your  patients 
from  mechanical  ventilation  is  critical 
to  returning  them  to  productive,  healthy 
lifestyles.  Inefficient  ventilation  can  not 
only  delay  a  patient's  recovery,  but  can 
increase  hospital  costs.  The  Wave 
VM200  provides  the  information  and 
tools  you  need  to  make  simple  adjust- 
ments for  superior  patient  weaning. 


Tools  to 
Synchronize  Patient  , 
and  Ventilator 

For  example,  the  Peak  Inspira- 
tory Flow  Monitor  enables  you  to 
assess  the  adequacy  of  mechanical 
flow  versus  patient  flow  demand 
and  adjust  accordingly. 
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Using  the  Peak  Expiratory  Flow 
Monitor  can  help  you  determine  if  a 
filter  is  clogged,  assess  a  response  to  a 
bronchodilator  and  observe  changes  in 
compliance  and  resistance  through 

increased  or  decreased 
peak  flows.  By  making 
appropriate  adjust- 
ments on  the  ventilator  you 
can  lessen  the  chance  for  auto- 
PEEP  and  decrease  work  to 
trigger  the  ventilator. 

Also  facilitating 
recovery  is  our  Predic- 
tive Learning  Logic 
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software  which  automatically  antici- 
pates the  natural  lung  movement  and 
works  with  the  patient  to  decrease 
breathing  effort  and  reduce  stress.  And 
working  in  any  ventilator  mode,  our 
unique  Bias  Flow  decreases  ventilator 
response  time  and  stabilizes  baseline 
pressure. 

Call  today  for  a  complimentary 
demonstration  of  the  Wave  VM200, 
number  one  for  patient  weaning. 
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Betterfit. 
Better  comfort. 
Better  seal. 


Most  important,  Personal  Best 

provides  accurate,  instant 

airflow  measurements  that 

may  be  used  by  healthcare 

professionals  to  guide  patient  screening, 

emergency  assessment,  discharge  instruction, 
medication  adjustment,  and 
home  monitoring. 
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AMERICAN  ASSOCIATION  FOR  RESPIRATORY  CARE 

1 1030  Abies  Lane,  Dallas,  TX  75229  •  214/243-2272,  Fax  214/484-2720 


Dear  Reader: 

Beginning  in  1981,  and  every  year  thereafter,  the  AARC's  science 
journal,  Respiratory  Care,  has  held  a  state-of-the-art  conference  for  the 
purpose  of  generating  timely  special  issues  on  topics  of  interest  to  the  AARC 
membership  in  particular,  and  to  the  entire  pulmonary  community  in 
general.*  The  Conference  proceedings  issues  are  probably  the  most  important 
ones  we  publish  all  year.  They  concentrate  unique  information  in  one  place, 
some  of  which  has  never  before  been  presented.  The  April  and  May  1995 
issues  contain  the  Proceedings  from  the  1994  Journal  Conference 
"Resuscitation  in  Acute  Care  Hospitals."  We  are  proud  to  bring  you  these 
papers  and  discussions,  designed  for  you  to  use  in  your  daily  practice. 

Presentation  and  publication  of  a  conference  like  this  requires 
considerable  planning.  The  AARC  and  the  Journal  thank  the  speakers,  the 
Editorial  Board,  Conference  Co-Chairmen  Tom  Barnes  and  Charlie  Durbin, 
Editor  Pat  Brougher,  and  Associate  Editor  Kaye  Weber  for  planning,  writing, 
and  editing  these  special  issues  and  for  participating  in  the  Conference  and 
sharing  this  important  information  with  us.  Last,  but  certainly  not  least,  we 
are  extremely  grateful  to  Allen  8e  Hanburys,  Division  of  Glaxo  Inc,  for  their 
generous  grant  to  the  Association,  which  made  the  presentation  of  the 
Conference  and  publication  of  its  Proceedings  possible.  Allen  &?  Hanburys  has 
supported  the  last  seven  Journal  Conferences,  and  we  are  enormously 
indebted  to  them. 


Sincerely, 


Managing  Editor,  Respiratory  Care 


■1982 — Complications  of  Respiratory  Therapy  (April,  Volume  27,  Number  4) 
1983 — The  Management  of  Acute  Respiratory  Failure  (May.  Volume  28,  Number  6) 
1984 — Perioperative  Respiratory  Care  (May  and  June,  Volume  29,  Numbers  5  and  6) 
1 985— Monitoring  of  Critically  ni  Patients  (June  and  July,  Volume  30,  Numbers  6  and  7) 
1986 — Neonatal  Respiratory  Care  (June  and  July,  Volume  31,  Numbers  6  and  7) 
1 987— Mechanical  Ventilation  (June  and  July,  Volume  32,  Numbers  6  and  7) 
1988— PEEP  (June  and  July,  Volume  33,  Numbers  6  and  7) 
1989 — Pulmonary  Function  Testing  (June  and  July,  Volume  34,  Numbers  6  and  7) 
1 990— Noninvasive  Monitoring  in  Respiratory  Care  (June  and  July,  Volume  35,  Numbers  6  and  7) 
1991— Respiratory  Care  of  Infants  and  Children  (June  and  July,  Volume  36,  Numbers  6  and  7) 
1991 — Consensus  Conference  on  Aerosol  Delivery  (September,  Volume  36,  Number  9) 
1992 — Emergency  Respiratory  Care  (June  and  July,  Volume  37,  Numbers  6  and  7) 

1992 — Consensus  Conference  on  the  Essentials  of  Mechanical  Ventilators  (September,  Volume  37,  Number  9) 
1 993— Oxygenation  In  the  Critically  DJ  Patient  (June  and  July,  Volume  38,  Numbers  6  and  7) 
1 994— Controversies  in  Home  Respiratory  Care  (April  and  May,  Volume  39,  Numbers  4  and  Si 


1. 

Thomas  A  Barnes 

9. 

Tom  P  Aufderheide 

2. 

Dean  R  Hess 

10. 

Joseph  L  Rau  Jr 

3. 

Mickey  Mathews 

11. 

Ray  Masferrer 

Richard  D  Branson 

12. 

Cynthia  Malinowski 

Pat  Brougher 

13. 

Henry  R  Halperin 

4. 

William  Kaye 

Paul  E  Pepe 

5. 

Karen  M  Boudin 

14. 

Sam  Giordano 

6. 

Tom  P  Aufderheide 

15. 

Richard  D  Branson 

Doug  Mclntyre 

16. 

Gordon  Rubenfeld 

Homer  Rodriguez 

17. 

Michael  J  Bishop 

7. 

Robert  R  Fluck  Jr 

18. 

Charles  G  Durbin  Jr 

8. 

Arthur  B  Sanders 

RESUSCITATION  IN 
ACUTE  CARE  HOSPITALS 

Part  II 
A  Special  Issue 

based  on  a  conference 

held  October  21-23,  1994 

in  Cancun,  Mexico 

sponsored  by 

The  American  Association  for  Respiratory  Care 

and  its  science  journal  RESPIRATORY  CARE 

with  the  aid  of  an  education  grant 
from  Allen  &  Hanburys,  Div  of  Glaxo  Inc 


Chairmen  &  Guest  Editors: 

Thomas  A  Barnes  EdD  RRT  and  Charles  G  Durbin  Jr  MD 


Tom  P  Aufderheide  MD 
Thomas  A  Barnes  MD 
MichaelJ  Bishop  MD 
Karen  M  Boudin  MA  RRT 
Richard  D  Branson  RRT 
Charles  G  Durbin  Jr  MD 
Robert  R  Fluck  Jr  MEd  RRT 
Henry  R  Halperin  MD 


Speakers: 


Robin  Hamill  MD 

Dean  R  Hess  PhD  RRT 

William  Kaye  MD 

Cynthia  Malinowski  MA  RRT 

Paul  E  Pepe  MD 

Joseph  L  Rau  Jr  PhD  RRT 

Gordon  D  Rubenfeld  MD 

Arthur  B  Sanders  MD 


Discussants: 

The  chairmen,  the  speakers,  Sam  P  Giordano  MBA  RRT, 
Ray  Masferrer  RRT,  Paul  J  Mathews  MPA  RRT,  Mickey 
Mathews  RN,  David  J  Durand  MD,  Doug  Mclntyre  RRT, 
Homer  L  Rodriguez  RRT 


Conference  Proceedings 


Ventilatory  Support  during  Cardiopulmonary  Resuscitation 

Richard  D  Branson  RRT  and  Jay  AJohannigman  MD 


HI. 


INTRODUCTION 

A.  Standards  for  Ventilation  &  Devices 

B.  Lung  Compliance  following  Cardiac  Arrest 

C.  Gastric  Insufflation 

EMERGENCY  VENTILATION:  ISSUES,  TECHNIQUES 
&  DEVICES 

A.  Expired  Air  Resuscitation  (EAR) 

1.  Issues  Affecting  EAR 

2.  Mouth-to-Mouth  Resuscitation 

3.  Barrier  Devices 

4.  \  Ion  th-  to-  \  I  ask  Ventilation 

B.  Bag- Valve  Resuscitator  Devices 

1.  Description 

2.  Assessment  and  Controversies 

C.  Oxygen-Powered  Breathing  Devices 

1.  Description 

2.  Assessment  &  Limitations 

D.  Ventilators  for  Resuscitation 

1.  Description 

2.  Characteristics 

3.  Assessment  and  Comparisons 
FUTURE  RESEARCH 


INTRODUCTION 

Ventilatory  support  during  cardiopulmonary  resuscita- 
tion (CPR)  can  be  accomplished  by  a  number  of  methods 
and  devices.  These  extend  across  a  gamut  from  expired  air 
resuscitation  (EAR),  including  mouth-to-mouth  and 
mouth-to-mask  ventilation,  to  the  use  of  ventilators  includ- 
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ing  ventilator-to-mask  and  ventilator-to-artificial-airway 
techniques.  Appropriate  application  of  these  techniques  de- 
pends on  the  clinical  situation,  rescuer  training,  and  avail- 
ability of  equipment. 

In  this  paper,  we  discuss  the  proposed  standards  for 
emergency  ventilatory  support,  the  advantages  and  disad- 
vantages of  techniques  and  devices  used,  and  current  con- 
troversies surrounding  this  topic. 

Standards  for  Ventilation  &  Devices 

Several  agencies  have  published  recommendations  for 
the  use  and  evaluation  of  emergency  ventilation  devices. 
These  include  the  American  Heart  Association  (AHA),  the 
Emergency  Care  Research  Institute  (ECRI),  the  American 
Society  of  Testing  Materials  (ASTM),  and  the  International 
Standards  Organization  (ISO).1  9  Of  these,  only  the  AHA 
provides  standards  for  the  level  and  timing  of  ventilation  as 
well  as  for  device  characteristics.1  The  other  agencies  sug- 
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gesl  standards  for  rate  and  volume  but  are  more  focused  on 
the  testing  of  devices. 

Current  AHA  recommendations  for  adults  include  a  fre- 
quency (f)of  10-12  breaths/min.  a  tidal  volume  (Vt)of  0.8- 
1.2  L.  and  an  inspiratory  time  of  1.5-2.0  seconds.  This  cor- 
responds to  an  inspiratory  flow  of  30-40  L/min.1  The  use  of 
inspiratory  times  longer  and  flows  lower  than  those  usually 
encountered  during  spontaneous  breathing  are  recommend- 
ed to  prevent  gastric  insufflation.10"  ISO  and  ASTM  stan- 
dards suggest  a  VT  of  0.6  L  and  f  of  1 2  breaths/min. 

According  to  the  new  AHA  Guidelines'  all  devices 
used  for  ventilation  can  be  classified  in  the  same  manner  as 
other  resuscitation  adjuncts,  maneuvers,  and  drugs.  The 
AHA  classification,  which  is  referred  to  during  device  de- 
scriptions, encompasses 

Class  I.  A  therapeutic  option  that  is  usually  indicated, 
always  acceptable,  and  considered  useful  and  effective. 

Class  II.  A  therapeutic  option  that  is  acceptable,  but  of 
uncertain  efficacy,  and  may  be  controversial. 

Class  Ila.  A  therapeutic  option  for  which  the  weight  of 
evidence  is  in  favor  of  its  usefulness  and  efficacy. 

Class  lib.  A  therapeutic  option  that  is  not  well  estab- 
lished by  evidence  but  may  be  helpful  and  probably  is  not 
harmful. 

Class  III.  A  therapeutic  option  that  is  inappropriate,  is 
without  scientific  supporting  data,  and  may  be  harmful. 

Lung  Compliance  following  Cardiac  Arrest 

The  changes  in  compliance  and  resistance  that  follow 
cardiopulmonary  arrest  have  been  attributed  to  pulmonary 
aspiration,  pulmonary  venous  congestion,  effects  of  chest 
compressions,  and  pulmonary  embolism.12  14  These  studies 
typically  compare  blood  gas  values  to  postmortem  exami- 
nations of  the  lungs.  A  common  finding  in  these  reports  is 
pulmonary  edema  with  wet,  heavy  lungs.1214  Fillmore  et 
all:  made  comparisons  of  arterial  blood  gas  values  (ABGs) 
to  postmortem  lung  weights  and  found  the  lightest  lungs 
were  associated  with  the  best  ABGs. 

Ornato  et  al15  measured  ventilation  during  CPR  and  es- 
timated pulmonary  compliance.  The  investigators  in  this 
study  used  a  pressure-limited  ventilator  to  provide  me- 
chanical ventilation  during  CPR  via  an  endotracheal  tube. 
V-r  was  measured  with  a  Wright  respirometer.  Ornato  and 
colleagues  constructed  compliance  curves  using  the  venti- 
lator connected  to  a  test  lung  and  used  regression  analysis 
from  these  data  to  estimate  patient  lung  compliance  from 
peak  inspiratory  pressure  (PIP)  and  VT  measurements. 

This  technique  more  nearly  estimates  dynamic  lung 
compliance  and  suffers  from  other  mcthodologic  prob- 
lems, including  the  accuracy  of  volume  measurement,  the 
ability  of  the  test  lung  to  simulate  the  clinical  situation,  in- 
teraction between  the  pressure-limited  ventilator  and  chest 


compressions,  and  ventilator  operation.  According  to 
Ornato  et  al15  lung  compliance  during  cardiac  arrest  is 
0.022  L/cm  HiO  or  about  one  fourth  of  normal  lung  com- 
pliance. This  value  is  often  used  in  laboratory  experiments 
to  compare  emergency  ventilation  techniques  and  devices. 

In  1994.  our  group  evaluated  lung  compliance  in  patients 
in  the  emergency  department  following  cardiac  arrest.16 
Twenty-five  patients  in  cardiac  arrest  were  studied  immedi- 
ately following  discontinuation  of  CPR.  Prior  to  measure- 
ments, the  endotracheal  tube  cuff  was  inflated  to  assure  a 
proper  seal  and  appropriate  position  of  the  tube  was  con- 
firmed by  auscultation  and/or  chest  radiograph.  A  super  sy- 
ringe was  used  to  inflate  the  lungs  in  0.25-L  increments 
from  0.25  L  to  2.0  L.  An  inspiratory  pause  of  2.0  seconds 
was  used,  and  flow  and  pressure  were  measured  at  the  prox- 
imal aii-way  with  a  pneumotachograph  and  an  airway  pres- 
sure transducer.  All  raw  data  were  saved  to  the  hard  drive  of 
a  computer  and  used  to  construct  compliance  curves. 

Data  from  the  study  are  shown  in  Figure  1.  The  mean 
compliance  was  0.051  L/cm  HiO,  a  value  more  than  twice 
that  reported  by  Ornato  et  al.15  At  low  VTs  (<  0.5  L),  com- 
pliance was  0.04  L/cm  HiO,  suggesting  that  functional 
residual  capacity  was  reduced.  At  AHA-recommended 
volumes  (0.8-1.2  L),  mean  lung  compliance  was  0.05 
L/cm  HoO.  These  findings  have  implications  for  future 
emergency  ventilation  research  and  interpretation  of  previ- 
ous studies.  The  use  of  longer  inspiratory  times  and  lower 
flows  during  CPR  is,  in  part,  related  to  the  suspected  low 
lung  compliance  (0.02  L/cm  H2O).  Perhaps  ventilation 
strategies  should  be  modified  based  on  findings  that  lung 
compliance  is  twice  that  previously  reported. 

Another  variable  affecting  delivered  Vj  is  esophageal 
opening  pressure.  As  airway  pressure  is  increased  to  deliv- 
er volume  in  the  face  of  increased  pulmonary  impedance, 
gastric  insufflation  results.  Based  on  work  by  Ruben  et 
al,10  esophageal  opening  pressure  is  around  20  cm  H:0. 


0.25  L    0.5  L    0.75  L    1.0  L    1.25  L    1.5  L    1.75  L    2.0  L 
Volume 

Fig.  1 .  Mean  pulmonary  compliance  of  25  patients  following 
cardiac  arrest.  Gray  area  delineates  AHA-recommended 
volume. 
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Gastric  Insufflation 

Gastric  insufflation  with  the  potential  sequela  of  pul- 
monary aspiration  is  a  problem  whenever  ventilation  via 
an  unprotected  airway  is  attempted.  An  effective  strategy 
for  limiting  gastric  insufflation  includes  using  less  forceful 
inspirations,  longer  inspiratory  times,  and  smaller  tidal 
volumes.17 

Another  technique  to  prevent  gastric  insufflation  is  the 
use  of  cricoid  pressure,  often  referred  to  as  the  Sellick  ma- 
neuver,18 and  described  by  Sellick  in  1961  as  a  method  to 
prevent  regurgitation  during  induction  of  anesthesia  and 
endotracheal  intubation.  By  pushing  down  on  the  cricoid 
membrane,  the  rescuer  collapses  the  esophagus  against  the 
cervical  vertebrae.  This  is  illustrated  by  photographs  from 
Sellick's  original  paper  shown  in  Figure  2. 

Use  of  cricoid  pressure  during  CPR  appears  attractive. 
However,  AHA  recommends  that  cricoid  pressure  be  used 
only  by  health  care  professionals  during  two-rescuer  CPR. 
Even  in  this  situation,  cricoid  pressure  can  only  be  applied 
by  a  third  rescuer.  During  mouth-to-mouth  or  mouth-to- 
mask  ventilation,  the  rescuer  providing  ventilation  needs 
both  hands  for  airway  control,  and  the  rescuer  performing 
compressions  obviously  'has  his  hands  full.'  The  Sellick 
maneuver  is  relatively  simple  and  could  be  accomplished 
by  an  untrained  assistant  under  direction  of  a  rescuer.  The 
chance  of  having  three  rescuers  during  CPR,  however, 
seems  remote. 

In  children,  cricoid  pressure  has  been  shown  to  prevent 
gastric  insufflation  during  mask  ventilation  up  to  a  PIP  of 
40  cm  HiO.19  Vanner  et  al  found  that  a  cricoid  force  of  40  n 
(ie,  newtons)  increased  esophageal  opening  pressure  to  a 
mean  of  38  torr  in  anesthetized  adults. :<l 

Cricoid  pressure  is  a  fairly  simple  technique  but  is  not 
without  complications.  If  excessive  pressure  is  applied,  the 
trachea  can  also  be  collapsed,  causing  complete  airway  ob- 
struction. There  are  also  reports  of  gastric  rupture  occurring 
when  the  patient  regurgitates  during  application  of  cricoid 


pressure.21  Gastric  rupture  typically  involves  the  lesser  cur- 
vature of  the  stomach  and  is  related  to  elevated  pressures 
created  when  the  esophagus  is  effectively  closed.22 

EMERGENCY  VENTILATION:  ISSUES, 
TECHNIQUES,  &  DEVICES 

Expired  Air  Resuscitation  (EAR) 

Issues  Affecting  EAR 

EAR  includes  mouth-to-mouth,  mouth-to-mask,  and 
mouth-to-nose  ventilation.  Mouth-to-mouth  ventilation  is 
probably  the  oldest  method  of  EAR  and  is  mentioned  in 
the  Bible.23 

Disadvantages  of  EAR  include  low  delivered  oxygen 
concentration  (Fdo;)-  gastric  insufflation,  unpleasantness 
of  the  task,  fear  of  disease  transmission,  and  actual  disease 
transmission. 

As  previously  described,  during  EAR  a  Vj  of  0.8-1.2  L 
should  be  delivered  over  a  period  of  1 .5-2.0  s,  10-12  times/min. 
This  results  in  a  minute  ventilation  ( Vg)  of  8.0-14.6  L/min  and 
an  inspiratory-to-expiratory-time  ratio  of  1 : 1 .5  to  1 :2. 

FDO;  during  EAR.  During  EAR,  FDO:  is  0.16-0.18,  allow- 
ing for  an  alveolar  oxygen  tension  of  52  to  76  torr,  assum- 
ing a  barometric  pressure  of  747  torr  and  Pac02  of  40  torr. 
This  range  of  Pao:  is  associated  with  an  oxygen  saturation 
of  about  90%.  Hypoxemia  during  cardiac  arrest  is  much 
more  likely  to  be  caused  by  low  cardiac  output  and  ventila- 
tion-perfusion  abnormalities  than  by  low  Fdo2-'  During 
mouth-to-mouth  ventilation,  Fdo:  can  be  increased  by  in- 
creasing inspired  oxygen  concentration  (Fio2)  of  the  res- 
cuer. Hess  et  al24  evaluated  the  change  in  Fdo:  when  the 
rescuer  was  wearing  a  nasal  cannula  with  oxygen  flows  of 
6  L/min  and  10  L/min.  They  found  mean  (SD)  values  for 
FDO:  of  0.16(0.01)  during  EAR.  0.27(0.03)  at  an  oxygen 
flow  of  6  L/min,  and  (0.31X0.05)  at  an  oxygen  flow  of  10 


Fig.  2.  (A.)  Diagram  showing  the  Sellick  maneuver;  (B.)  radiograph  of  neck  showing  esophageal  lumen  filled  by  contrast 
medium;  (C.)  radiograph  showing  lumen  with  cricoid  pressure  applied.  (From  Reference  18,  with  permission) 
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L/min.  Hess  and  colleagues  suggested  that  in  the  absence 
of  other  devices,  oxygen  breathing  by  the  rescuer  is  a  vi- 
able method  of  delivering  adequate  Vj  and  elevated  Fdo:- 

In  a  lung  model  study,  Rottenberg  et  al23  found  mean 
(SD)  values  for  FD02  of  0.18  (0.05)  during  EAR  and  0.32 
(0.03)  when  the  rescuer  was  breathing  oxygen  via  a  nasal 
cannula  at  10  L/min.  They  also  evaluated  the  role  of  oral 
inspiration  of  oxygen  via  the  supply  tubing  at  15  L/min. 
With  this  technique,  the  rescuer  places  the  connecting  tub- 
ing between  his  lips  and  inspires  just  prior  to  ventilating 
the  mannequin.  Lastly,  rescuers  breathed  air  from  a  manu- 
ally triggered  demand  valve.  The  demand  valve  was 
placed  between  the  rescuer's  lips  and  the  manual  trigger 
activated.  In  this  instance,  the  rescuers  were  essentially 
ventilating  themselves  with  100%  oxygen  via  the  demand 
valve  prior  to  ventilating  the  mannequin.  Breathing  oxy- 
gen from  the  supply  tubing  allowed  an  Fpo;  of  0.37  (0.10) 
and  inspiring  from  the  demand  valve  provided  an  Fdo:  of 
0.78  (0.09).  The  authors  suggested  that  patients  at  risk  for 
cardiac  arrest  should  keep  oxygen  on  hand  in  the  home  to 
allow  family  members  to  use  supplemental  oxygen  during 
resuscitative  efforts.  They  likewise  suggested  placing  oxy- 
gen in  high  risk  areas,  such  as  near  swimming  pools. 

Both  these  studies  make  conclusions  about  the  potential 
usefulness  of  increasing  rescuer  F]o2  to  increase  Fdo:- 
However,  it  seems  likely  that  wherever  oxygen  is  available, 
bag-valve-mask  (BVM)  ventilation  is  also  probably  avail- 
able. In  the  study  by  Rottenberg  et  al,25  it  is  unclear  why  if 
the  rescuer  has  a  demand  valve,  it  is  not  used  to  ventilate 
the  patient.  These  data  do  prove,  however,  that  Fdo2  can  De 
increased  by  increasing  rescuer  Fio2. 

Disease  Transmission  during  EAR.  Concern  about  dis- 
ease transmission  has  become  a  major  issue  in  the  delivery 
of  bystander  and  first  responder  CPR  including  mouth-to- 
mouth  resuscitation.2631  Ornato  et  al2b  found  that  40%  of 
BCLS  instructors,  including  health  care  workers,  public- 
service  workers,  and  laypersons,  would  hesitate  to  perform 
mouth-to-mouth  ventilation  for  fear  of  catching  a  disease.26 

Additional  surveys  have  found  that  although  many 
BCLS  providers  say  they  would  perform  mouth-to-mouth 
ventilation  on  a  stranger  (97%),  only  one  half  (44%)  would 
perform  CPR  on  a  patient  known  to  have  or  suspected  of 
having  AIDS.27  Link  et  al28  found  that  48%  of  medical  res- 
idents employed  in  New  York  City  hospitals  reported  a 
moderate-to-major  concern  about  contracting  AIDS  from  a 
patient.  These  studies  do  not  address  the  possibility  of  con- 
tracting a  disease  following  mouth-to-mouth  resuscitation, 
but  suggest  that  a  major  impediment  to  out-of-hospital 
CPR  is  fear  of  disease  transmission. 

The  AHA  has  addressed  the  issue  of  infection  risk  dur- 
ing CPR.1-2''  When  a  patient  is  known  to  be  "high  risk," 
recommendations  regarding  ventilation  techniques  in- 


clude: ( I )  rescuers  who  have  an  infection  that  may  be 
transmitted  by  blood  or  saliva  or  who  believe  that  they 
have  been  exposed  to  such  an  infection  should  not  perform 
mouth-to-mouth  ventilation  if  other  methods  are  available 
(eg,  mouth-to-mask  or  BVM);  (2)  individuals  have  a  duty 
to  respond  to  the  CPR  needs  of  high-risk  patients  using  an 
mouth-to-mask  device  of  adequate  design  or  a  BVM  de- 
vice and  should  be  trained  in  their  use;  and  (3)  early  intu- 
bation should  be  encouraged  when  equipment  and  trained 
professionals  are  available. 2l) 

The  effect  of  these  suggestions  on  bystander  CPR  has 
been  debated  in  these  pages.30-31  An  understanding  of  the 
use  of  bystander  CPR  is  required  prior  to  embarking  on 
this  discussion.  Bystander  CPR  is  primarily  performed  by 
family  members  and  public  health-service  personnel.1  In 
the  latter  case,  equipment  designed  to  obviate  the  need  for 
mouth-to-mouth  contact  is  available.  In  the  former,  the 
caregiver  is  knowledgeable  of  the  patient's  health  history 
and  is  quite  frequently  a  relative.  The  issue  then,  may  be 
more  academic  than  practical. 

There  remains,  however,  a  reluctance  on  the  part  of  many 
people  to  perform  mouth-to-mouth  resuscitation.  Although 
the  risk  of  infection  is  small,  there  are  reports  of  possible  in- 
stances of  infection  following  CPR,  including  infection  with 
Mycobacterium  tuberculosis,*2  meningococcus,33  herpes 
simplex,3436  shigella,37  and  salmonella.38 

Health-care  policy  has  added  to  the  confusion  on  disease 
transmission.  Although  the  risk  of  infection  is  reported  to 
be  low  and  the  risk  of  HIV  transmission  even  smaller,  rec- 
ommendations are  made  that  devices  to  prevent  mouth-to- 
mouth  contact  be  available  in  high-risk  areas. 293"  The  City 
of  New  York  has  even  made  the  availability  of  infection 
control  equipment  for  CPR  in  public  places  mandatory.46 

Debate  about  the  true  risk  of  infection  from  performing 
CPR  may  be  futile.  The  unpleasantness  of  the  task  of 
mouth-to-mouth  breathing  (because  of  the  presence  of 
vomitus  and  blood,  for  example)  and  even  the  minute  pos- 
sibility of  infection  mandates  that  we  develop  cost-effec- 
tive, readily  available,  safe,  and  efficacious  alternatives  to 
mouth-to-mouth  breathing. 

Mouth-to-Mouth  Resuscitation 

Description.  Mouth-to-mouth  ventilation  is  accomplished 
by  the  rescuer  placing  his  or  her  mouth  over  the  victim's 
mouth  and  exhaling  while  maintaining  a  patent  airway. 
The  rescuer  should  watch  the  rise  and  fall  of  the  victim's 
chest,  listen  for  air  escaping  during  exhalation,  and  feel  the 
exhaled  air  flow. 

Mouth-to-mouth  ventilation  has  been  recommended  for 
Basic  Life  Support  (BLS)  since  1974.  The  major  advan- 
tages of  mouth-to-mouth  ventilation  are  availability,  ease 
of  use,  universal  application,  large  reservoir  volume  (the 
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delivered  volume  is  limited  only  by  the  rescuers  vital  ca- 
pacity, which  is  3  to  4  times  the  necessary  VT),  and  the  fact 
that  no  equipment  is  necessary. 

Assessment.  Numerous  publications  have  shown  that 
mouth-to-mouth  ventilation  is  effective  in  providing  AHA 
recommended  Vps,  regardless  of  lung  compliance.41"46  Our 
group46  found  that  mouth-to-mouth  was  superior  to  mouth- 
to-mask,  BVM,  and  ventilator-to-mask  ventilation  with  re- 
spect to  delivered  Vj  (Fig.  3).  However,  mouth-to-mouth 
ventilation  is  also  associated  with  the  greatest  amount  of 
gastric  insufflation.46  The  increase  in  gastric  insufflation  is 
due  to  the  rescuer's  ability  to  deliver  a  larger,  more  force- 
ful volume  when  pulmonary  impedance  is  increased. 
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Fig.  3.  Delivered  tidal  volume  with  5  methods  of  ventilation.  *  = 
p  <  0.05  vs  other  methods,  with  same  compliance.  ■  =  0.1 
LVcm  H20;  H  =  0.04  L/cm  H20;  M  =  0.02  L/cm  H20;  HARV 
=  Hope  Adult  Resuscitation  Ventilator  (From  Reference  42, 
with  permission). 
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Fig.  4.  Comparison  of  delivered  Vj  versus  gastric  insufflation. 
Dashed  line  represents  AHA  minimum  volume  of  800  mL.  n  = 
Tidal  Volume;  ED  =  gastric  volume  (From  Reference  42,  with 
permission). 


Other  data  from  our  group  suggest  that  with  normal  lung 
compliance,  gastric  insufflation  during  mouth-to-mouth  ven- 
tilation is  low  (Fig.  446).  This  is  in  agreement  with  work  by 
Melker  and  Banner.17 

Barrier  Devices 

Description.  A  barrier  device  is  a  flexible  sheet  that  typi- 
cally contains  a  valve  and/or  filter  that  separates  the  res- 
cuer from  the  patient  (Fig.  5).  Barrier  devices  are  a  dispos- 
able version  of  the  "handkerchief  recommended  by 
Waters  as  a  protective  device  some  50  years  ago.47  Barrier 
devices  are  sometimes  called  face  shields  but  should  not 
be  confused  with  face  masks.  An  effective  barrier  device 
should  have: 

•  Universal  application — conforming  to  the  anatomy  of 

patients  of  all  sizes  and  shapes. 

•  Be  small,  lightweight,  and  easy  to  carry. 

•  Have  minimal  air  flow  resistance. 

•  Prevent  cross-infection  (victim  to  rescuer  and  vice-versa). 

•  Resist  tearing. 


UF£ffl!<GY 


Fig.  5.  Barrier  device  used  for  CPR. 

Assessment.  Few  evaluations  have  been  made  on  the  safety 
and  efficacy  of  barrier  devices.  Anecdotal  reports48-49  of  the 
ability  of  barrier  devices  to  prevent  movement  of  HIV-in- 
fected broth  have  been  published.  A  mannequin  study  found 
that  ventilation  with  a  barrier  device  provided  a  level  of  ven- 
tilation similar  to  mouth-to-mouth  ventilation  without  a  bar- 
rier device.50  In  a  1989  Health  Devices  report,8  barrier  de- 
vices were  felt  to  be  inferior  to  face  masks  with  respect  to 
creating  an  effective  seal  on  the  face.  There  is  also  some 
concern  that  barrier  devices  may  slip  if  the  patient's  face  is 
wet  and  that  during  prolonged  resuscitation  efforts,  the  plas- 
tic sheet  may  tear  away  from  the  central  valve.51 

Lightsey  et  al49  evaluated  the  Kiss  of  Life  barrier  device 
in  the  laboratory  using  a  mannequin  and  in  the  operating 
room  with  anesthetized  patients.  Two  rescuers  ventilated 
the  mannequin  using  direct  mouth-to-mouth  ventilation, 
the  Kiss  of  Life  barrier  device,  the  Microshield  barrier  de- 
vice, the  Laerdal  pocket  mask,  a  manual  resuscitator,  and  a 
Brooks  airway,  for  3  minutes.  The  data,  which  are  present- 
ed without  standard  deviations  showed  a  mean  volume  of 
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1 .0  L  for  mouth-to-mouth,  0.7  L  for  the  Kiss  of  Life,  0.62  L 
for  the  Microshield.  0.47  L  for  the  Laerdal  pocket  mask. 
0.46  L  for  the  manual  resuscitator.  and  0.2  L  for  the  Brooks 
airway.  In  the  operating  room.  10  anesthetized  patients 
were  ventilated  with  2  breaths  using  the  Kiss  of  Life  barrier 
device.  2  breaths  via  BVM.  and  2  breaths  with  bag-valve- 
mask,  following  endotracheal  intubation.  Delivered  vol- 
umes were  1.1  L.  0.7  L.  and  1.5  L.  respectively.  This  paper, 
one  of  the  few  evaluations  performed,  suffers  greatly  from 
methodologic  and  statistical  errors.  The  results  of  this  paper 
should  be  considered  preliminary  at  best  and  suspect  at 
worst.  Additionally,  the  authors  designed  the  Kiss  of  Life 
device  and  may  have  been  biased  in  their  evaluation. 
Westfall  has  criticized  this  paper  for  similar  reasons.52 

More  recently,  Rossi  et  al53  have  compared  mouth-to- 
mask,  mouth-to-tube,  and  mouth-to-barrier  device  methods 
of  ventilation  in  the  laboratory.  Using  a  motorized  calibra- 
tion syringe,  they  delivered  a  Vx  of  1 .0  L  to  a  mannequin 
and  test  lung.  Inspiratory  and  expiratory  pressures  and 
valve  leakage  were  measured.  Results  from  this  study  are 
shown  in  Table  1 .  Rossi  et  al53  concluded  that  resistance  to 
air  flow  was  excessive  in  several  of  the  devices  tested.  This 
has  been  confirmed  by  Simmons54  in  a  recent  abstract.  He 
found  that  of  three  barrier  devices  (Kiss  of  Life, 
Microshield.  and  Res-Cue  Key)  only  the  Res-Cue  Key  met 
the  ISO  standard  of  <  5  cm  FLO  back  pressure  at  a  flow  of 
50  L/min.  In  this  report,  the  Microshield  device  created  al- 
most 17  cm  H:0  back  pressure  at  a  flow  of  50  L/min. 

Table  I .      Average  Inspiratory  and  Expiratory  Pressures  and  Valve 
Leakage  of  Expired-Air  Resuscitation  Devices* 


Inspiratory 

Expiratory 

Valve 

Pressure 

Pressure 

Leakage 

Device 

(cm  H2Ol 

(cm  H:0) 

(mL) 

Mask  Instruments 

Air- Vita  Bi-Protect 

8.8 

5.8 

5.0 

Laerdal  Pocket  Mask 

5.8 

10.0 

<1.0 

Drager  Hivita  Mask  E 

2.4 

6.7 

27.0 

Rescue-Med 

9.5 

3.5 

5.0 

Resuscitator 

4.9 

4.4 

10.0 

SealEasy  Resus.  Kit 

1.5 

1.8 

2.0 

Pharyngeal  Tubes 

Dr  Brook  Airway 

39.0 

21.0 

24.0 

Dual-Aid 

9.8 

15.3 

48.0 

Goettinger  Tubus 

8.8 

10.4 

Exp.  Vol. 

Lifeway 

2.5 

1.6 

2.5 

Sussex  Valve  Airwaj 

3.7 

3.6 

<1.0 

Foils 

Ambu  Life-Key 

1.8 

undetectable 

<l.0 

ResusciFace  Shield 

4.7 

undetectable 

undetectable 

1  nun  Reference  5 ),  mill  pe 

same  three  barrier  devices.  They  reported  a  volume  of  1 .0 
L  using  mouth-to-mouth.  0.25  L  using  the  Kiss  of  Life. 
0.75  L  using  the  Microshield.  and  0.64  L  using  the  Res- 
Cue  Key.  The  reasons  for  these  disparities  are  unclear. 

More  research  is  necessary  to  determine  the  safety  and 
efficacy  of  barrier  devices.  AHA  considers  barrier  devices 
as  Class  lib  (acceptable,  possibly  helpful).' 

Mouth-to-Mask  Ventilation 

Description.  Mouth-to-mask  ventilation  devices  can  be  as 
simple  as  a  face  mask  or  can  include  a  face  mask,  oxygen 
inlet,  nonrebreathing  valve  (NRV),  extension  tube,  filter, 
and  mouthpiece  (Fig.  6).  Both  devices  can  be  used  effec- 
tively, but  the  latter  incorporates  components  that  help  pro- 
tect the  rescuer  and  patient  from  cross-contamination. 

I  believe  that  desirable  characteristics  of  a  mouth-to- 
mask  device  include  a  clear,  soft  mask  capable  of  making 
an  effective  seal  with  the  patient's  face;  an  oxygen  inlet  nip- 
ple; an  NRV  that  diverts  expired  flow  away  from  the  res- 
cuer, low  flow  resistance,  no  back  leak,  and  a  filter  with  low 
flow  resistance  that  is  not  adversely  affected  by  humidity  or 
vomitus.  Dead  space  should  be  considered  in  pediatric  ap- 
plications. In  adults,  a  dead  space  <  200  mL  is  acceptable. 


Simmons  and  co-workers55  also  compared  volume  de- 
livered to  a  mannequin  using  mouth-to-mouth  and  these 


Fig.  6.  Mouth-to-mask  resuscitation  device  with  (right)  and 
without  (left)  an  oxygen  inlet. 

Assessment.  Mouth-to-mask  ventilation  was  shown  to  be 
an  effective  method  of  ventilation  as  early  as  1954  by 
Elam,  Brown,  and  Elder.5'1  Safar  described  the  first  mouth- 
to-mask  device  (Laerdal  pocket  mask)  in  195857  and  the 
role  of  oxygen  supplementation  in  1974.5S  For  more  than  a 
decade,  the  technique  of  mouth-to-mask  ventilation  has 
been  recommended  by  AHA  as  the  method  of  choice  prior 
to  endotracheal  intubation  unless  a  rescuer  with  experience 
with  BVM  is  present.  Despite  the  use  of  the  mask,  proxim- 
ity of  the  rescuer  to  the  victim  continues  to  be  the  major 
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detriment  to  widespread  use  of  mouth-to-mask  ventilation. 

Mouth-to-mask  ventilation  has  been  shown  to  be  supe- 
rior to  BVM  ventilation  in  a  number  of  studies.41"46'59"62 
Harrison  and  colleagues44  found  that  unskilled  rescuers  de- 
livered a  mean  volume  of  942  mL  to  a  mannequin  using 
mouth-to-mask  and  only  495  mL  with  BVM  ventilation.  In 
a  small  group  of  skilled  rescuers,  (n  =  4)  volumes  with 
mouth-to-mask  averaged  1193  mL  compared  to  only  509 
mL  with  BVM  ventilation.  The  authors  recommended  that 
mouth-to-mask  ventilation  replace  the  bag-valve-mask 
system  in  the  initial  management  of  respiratory  arrest. 

Hess  and  Baran,42  using  a  mannequin  and  test  lung, 
found  higher  volumes  were  provided  with  mouth-to-mask 
compared  to  BVM  ventilation  by  one  rescuer.  In  this  study, 
mean  delivered  volume  with  mouth-to-mouth  was  0.73  L, 
mouth-to-mask  was  0.6  L,  and  BVM  ventilation  was  0.3  L. 
When  two  people  used  the  BVM  device,  one  to  hold  the 
mask  seal  and  one  to  squeeze  the  bag,  delivered  volumes 
increased  to  0.58  L.  It  is  interesting  that  the  authors  found 
no  difference  in  performance  of  any  of  these  techniques  re- 
lated to  operator  experience.  This  is  contrary  to  the  AHA 
statement  concerning  the  use  of  BVM  ventilation  if  an  ex- 
perienced user  is  present.  Hess  and  Baran's  work  suggests 
that  even  with  experience,  BVM  ventilation  by  a  single 
rescuer  is  inadequate. 

Seidelin  et  al45  found  that  medical  students  provided  the 
largest  tidal  volumes  using  mouth-to-mouth  ventilation  (2.9 
L)  and  the  smallest  volumes  using  the  Brook  airway  (0.44 
L).  In  this  study,  mouth-to-mask  ventilation  provided  2.6  L 
volumes  and  single-rescuer  BVM  0.7  L.  The  reason  for  the 
large  tidal  volumes  is  related  to  the  study  design.  The  stu- 
dents were  asked  to  provide  "5  maximal  inspirations"  with- 
in a  30-second  period.  These  authors  recommended  that 
ventilation  be  provided  by  mouth-to-mask  until  a  third  res- 
cuer arrives  to  allow  two-person  BVM  ventilation. 

Our  group46  found  that  mouth-to-mask  ventilation  con- 
sistently provided  higher  tidal  volumes  than  BVM  or  ven- 
tilator-to-mask ventilation.  That  study  used  a  mannequin 
that  required  active  alignment  of  airway  structures  (head- 
tilt,  chin  lift)  connected  to  a  test  lung  with  a  variable  com- 
pliance and  resistance.  Additionally,  a  simulated  esopha- 
gus and  stomach  (Fig.  7)  with  an  esophageal  opening  pres- 
sure of  20  cm  H2O  was  placed  in  line  with  the  trachea.  At 
normal  compliance,  0. 1  L/cm  H2O,  we  found  that  mouth- 
to-mouth,  mouth-to-mask,  BVM,  and  ventilator-to-mask 
ventilation  provided  adequate  tidal  volumes  with  little  or 
no  gastric  insufflation  (Fig.  4).  At  a  compliance  of  0.04 
L/cm  H2O.  which  is  near  the  value  measured  clinically,  we 
found  that  mouth-to-mouth  ventilation  provided  the  largest 
tidal  volumes  but  also  produced  gastric  insufflation  equiv- 
alent to  50%  of  the  tidal  volume.  Mouth-to-mask  ventila- 
tion produced  similar  tidal  volumes  but  with  approximate- 
ly one  third  the  gastric  insufflation  of  mouth-to-mouth 


ventilation.  We  made  a  further  plea  for  early  use  of  mouth- 
to-mask  during  single-rescuer  CPR.46 


--DQ 


Fig.  7.  Model  for  determining  efficacy  of  prehospital  ventilato- 
ry techniques.  A  =  proximal  airway  pressure;  B  =  20-cm 
Penrose  drain;  C  =  water-column  PEEP  valve;  D  =  rolling- 
seal  spirometer;  E  =  pneumotachograph;  F  =  test  lungs;  G  = 
distal  airway  pressure.  (From  Reference  42,  with  permission.) 


Studies  by  Sainsbury  et  al41  and  Lawrence  and 
Sivaneswaran43  have  also  demonstrated  the  superiority  of 
mouth-to-mask  compared  to  BVM  ventilation.  Lawrence 
and  Sivaneswaran  found  that  of  100  volunteers,  only  3% 
provided  a  Vt  >  800  mL  with  BVM  ventilation  compared 
to  54%  when  mouth-to-mask  was  used.  When  a  period  of 
training  was  completed,  97%  using  mouth-to-mouth  venti- 
lation provided  a  volume  >  800  mL  while  the  percentage  of 
volunteers  providing  adequate  ventilation  with  BVM  was 
unchanged  (3%).43  Sainsbury  et  al41  studied  100  members 
of  the  nursing  staff  and  found  that  88%  were  capable  of 
providing  a  minimum  Vg  of  6  L/min  using  mouth-to-mouth 
ventilation.  In  that  same  group,  66%  could  provide  the  pre- 
selected minimum  Vg  with  mouth-to-mask,  but  only  25% 
were  able  to  meet  that  requirement  using  BVM  ventilation. 

More  recently,  Thomas  and  colleagues59  have  evaluated 
mouth-to-mask  ventilation  using  a  mannequin  and  in  anes- 
thetized patients.60-62  These  authors  first  placed  a  filter  in 
the  mouth-to-mask  breathing  device  and  determined  its  ef- 
fect on  rescuer  performance.62  After  determining  that  deliv- 
ered volumes  were  unaffected  and  that  the  filter  prevented 
transmission  of  bacteria,  they  proceeded  to  a  human  evalu- 
ation. In  the  follow-up  study,  the  authors  had  anesthesia 
residents  provide  mouth-to-mask  or  BVM  ventilation,  both 
with  an  oxygen  flow  of  15  L/min,  to  30  subjects  (ASA 
Class  I  or  II)  requiring  general  anesthesia.  Residents  were 
given  "brief  tuition"  by  the  investigators  and  used  a  Laerdal 
pocket  mask  or  Laerdal  silicone  resuscitator  for  ventilation. 
During  a  4-minute  period,  airway  pressure,  carbon  dioxide 
concentration,  and  oxygen  concentrations  were  measured. 
The  authors  found  that  BVM  ventilation  provided  a  mean 
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Fdo:  of  0.95  and  mean  delivered  carbon  dioxide  (Fdco:)  of 
0.05.  Mouth-to-mask  ventilation  yielded  a  mean  Fdo:  of 
0.54  and  mean  Frxxh  °f  0.14.  Despite  the  higher  FdcO:- 
mean  expired  COi  was  equivalent  between  the  groups,  sug- 
gesting no  adverse  effect  on  CO:  removal.  Arterial  oxygen 
saturation  as  measured  by  pulse  oximetry  was  also  equal 
between  the  two  ventilation  methods. 

An  interesting  aside  to  this  study62  is  that  during  BVM 
ventilation  a  frequency  of  18  breaths/min  was  provided 
whereas  only  12  breaths/min  was  used  during  mouth-to- 
mask.  Airway  pressures  were  lower  with  BVM  (17  cm 
FLO)  compared  to  mouth-to-mask  ventilation  (21  cm 
PLO).  These  facts,  when  considered  in  light  of  the  similar 
expired  COi  data,  suggest  that  VT  was  increased  with 
mouth-to-mask  ventilation.  The  authors  reported  the  oc- 
currence of  gastric  insufflation  in  4  patients  (2  in  each 
group).  In  each  case,  the  authors  observed  difficulty  in 
maintaining  an  open  airway  and  a  rise  in  airway  pressures 
(mean  26  cm  FLO,  range  20-28  cm  FLO).  They  also  ob- 
served that  cricoid  pressure  prevented  further  gastric  insuf- 
flation. In  agreement  with  the  work  of  our  group,46  the  au- 
thors found  that  gastric  insufflation  was  greater  with 
mouth-to-mouth  than  with  BVM  ventilation. 

In  a  third  study,  Thomas  and  Weber59  suggested  using 
mouth-to-mask  ventilation  during  two-rescuer  CPR  with 
an  alternate  strategy.  Rather  than  one  rescuer  providing 
ventilation  while  the  other  performed  compressions,  they 
suggested  that  one  rescuer  hold  the  mask  and  provide  air- 
way control  (head-tilt,  chin  lift),  while  the  second  rescuer 
provided  both  ventilation  and  compression.  During  con- 
ventional two-rescuer  CPR,  Wj  was  lower  and  respiratory 
rate  was  higher  than  during  modified  CPR.  Table  2  shows 
the  results  of  the  study. 

Table  2.      Efficacy  of  Ventilation  Provided  to  a  Mannequin  Using 
Standard  CPR  and  Modified  CPR. 


Variable 


Standard  CPR* 


Frequency  (breaths/min)  15(2) 

Tidal  volume  (mL)  640(230) 

Minute  volume  (L)  9.7(3.8) 

Compression  rate  (breaths/min)  75  ( 10) 


11  (2) 

1110(166) 

12.6(2.6) 

57  ( 1 1 ) 


•Values  are  mean  (SD). 

From  Reference  59.  wuh  permis 


Although  the  compression  rate  was  slowed  during  mod- 
ified CPR,  the  delivered  Vj  was  significantly  improved. 
The  authors  postulated  that  reducing  the  ventilation-com- 
pression ratio  from  1 :5  to  2:15  would  increase  the  number 
of  compressions  while  maintaining  gas  exchange,  by 
virtue  of  the  larger  V-p.  This  method  of  BLS-CPR  deserves 
Further  attention. 

One  of  the  drawbacks  of  mouth-to-mask  ventilation  is 


the  decreased  Fdo:-  Safar  demonstrated  an  Fdo:  of  0.54 
using  mouth-to-mask  ventilation  at  a  Wj  of  1.0  L,  frequen- 
cy of  12  breaths/min.  and  oxygen  flow  of  15  L/min. 5S  In  an 
effort  to  increase  Fdo?.  we61  recommended  placing  the  oxy- 
gen inlet  valve  of  the  mouth-to-mask  device  above  the  non- 
rebreathing  valve  and  allowing  the  rescuer  to  inspire  from 
the  continuous  oxygen  flow  during  patient  expiration.  This 
so  called  inhalation  technique  was  compared  to  conven- 
tional mouth-to-mask  ventilation  in  a  mannequin  and  lung 
model  to  determine  the  effect  on  Fpo:-  Oxygen  flows  of  5 
L/min,  10  L/min,  and  15  L/min  were  used.  Figure  8  demon- 
strates the  increase  in  Fpo:  seen  with  the  inhalation  tech- 
nique. It  is  interesting  that  at  a  flow  of  15  L/min,  mean  Fdo: 
was  0.43,  not  far  from  that  originally  reported  by  Safar.58 
Using  the  inhalation  technique,  Fdo;  was  increased  to  a 
mean  of  0.71.  We  also  noted  that  increasing  oxygen  flow 
was  associated  with  increased  delivered  Vj.  This  is  particu- 
larly evident  at  high  oxygen  flows,  where  rescuer  expirato- 
ry effort  is  supplemented  by  the  oxygen  flow.  At  an  oxygen 
flow  of  15  L/min  and  inspiratory  time  of  1.5  seconds,  an 
additional  375  mL  of  oxygen  (250  mL/s)  is  added  to  the 
rescuer's  effort.  We  cited  previous  work  demonstrating  the 
superiority  of  mouth-to-mask  ventilation  and  suggested 
that  oxygen  supplementation  using  the  inhalation  technique 
might  represent  the  ventilatory  method  of  choice  in  early 
CPR  prior  to  endotracheal  intubation. 


100  T 


5LPM  10LPM  15LPM 

Oxygen  Flowrate 

Fig.  8.  Oxygen  concentration  at  different  oxygen  flows, 
using  standard  and  inhalation  technique.  WM  =  standard; 

CD  =  inhalation;  ( )  =  Fio2  without  enrichment;  f  =  p  < 

0.05  vs  previous  flowrate/same  technique;  *  =  p  <  0.05  vs 
standard  technique.  (From  Reference  63,  with  permission.) 

Stahl  et  al64  studied  five  mouth-to-mask  devices  and 
evaluated  the  Fdo:  delivered  to  a  test  lung  at  two  combina- 
tions of  frequency  and  Vx  (500  mL  x  20  breaths/min  and 
90  mL  x  12  breaths/min).  A  ventilator  was  used  to  keep 
rate  and  volume  constant  while  oxygen  flow  to  the  mouth- 
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to-mask  device  was  varied  from  2  L/min  to  14  L/min  in  2- 
L  increments.  The  devices  performed  similarly,  with  the 
limiting  factor  being  dead-space  volume  of  the  mask.  As 
dead-space  volume  increased  so  did  Fdo-  The  device  with 
the  largest  dead-space  (300  mL)  provided  an  Fpo?  of  0.58 
at  a  Vx  of  900  mL  and  rate  of  12  breaths/min,  and  Fpo:  of 
0.72  at  a  Vj  of  500  mL  and  rate  of  20  breaths/min  (oxygen 
flow  =  14  L/min).  Whereas  the  smallest  mask  (dead  space 
=  225  mL)  provided  an  Fdo:  of  0.47  and  0.55.  The  authors 
recommended  that  during  mouth-to-mask  ventilation  high 
oxygen  flows  ( 14  L/min)  and  slow  inspirations  be  used. 

Thomas  et  al65  studied  the  effects  of  increasing  oxygen 
flow  to  the  Laerdal  pocket  mask.  Using  a  recording  man- 
nequin, the  authors  had  24  volunteers  provide  mouth-to- 
mask  ventilation  for  90  seconds,  with  oxygen  flows  of  5 
L/min,  10  L/min,  15  L/min,  and  20  L/min.  Similar  to  pre- 
vious work,  Thomas  and  colleagues  found  that,  as  oxygen 
flow  increased  inspired  CO:  decreased  and  Vj  was  en- 
hanced. The  authors  suggested  that  a  flow  of  20  L/min  is 
preferable  if  mouth-to-mask  ventilation  is  used  . 

Palmisano  and  colleagues66  evaluated  the  effect  of  sup- 
plementary oxygen  flow  on  mouth-to-mask  ventilation  in  a 
pediatric  model.  They  demonstrated  an  Fdo:  of  0.50  with 
an  oxygen  flow  of  5  L/min  when  Vx  was  100  mL  and  fre- 
quency was  20  breaths/min.  Increasing  oxygen  flow  to  15 
L/min  served  to  increase  Fdo:  t0  0-60  but  also  increased 
delivered  volume  to  221  mL,  a  121%  increase.  The  authors 
also  pointed  out  the  adverse  effect  of  introducing  oxygen 
below  the  NRV.  In  this  case,  high  flows  interfere  with 
function  of  the  NRV. 

The  issue  of  increasing  Fdo:  during  mouth-to-mask 
ventilation  appears  to  have  been  adequately  addressed. 
Use  of  the  inhalation  technique  may  allow  higher  Fdo; 
with  lower  oxygen  flows,  thus  conserving  oxygen  supply. 
The  more  compelling  question  is  related  to  the  actual  Frjo; 
required  during  CPR. 

Hess  et  al67  compared  mouth-to-mask  devices  and 
found  considerable  variability  in  device  performance.  In 
this  study,  14  respiratory  care  practitioners  ventilated  a 
mannequin  using  mouth-to-mouth  ventilation  and  8 
mouth-to-mask  devices.  They  found  the  largest  volumes 
were  delivered  with  mouth-to-mouth  ventilation  (1.0  L) 
and  volumes  with  the  mouth-to-mask  devices  varied  from 
0.5  L  to  0.8  L  (Fig.  9).  Hess  and  colleagues67  attributed 
differences  in  device  performance  to  design  characteris- 
tics. They  suggest  specifically  that  differences  are  due  to 
( 1 )  ability  of  the  mask  to  fit  the  face  and  achieve  a  seal;  (2) 
resistance  to  flow  through  the  NRV;  and  (3)  size  and  shape 
of  the  mask,  which  either  aids  or  hinders  the  rescuer's  grip. 

Mouth-to-mask  ventilation  combined  with  supplemental 
oxygen  is  arguably  the  safest,  most  effective  method  of 
ventilatory  support  in  the  unintubated  patient  when  one  res- 
cuer is  present.  Resistance  to  use  of  mouth-to-mask  devices 


may  be  related  to  rescuer  proximity  to  the  patient,  with  the 
attendant  fears  of  disease  transmission  and  the  unpleasant- 
ness of  the  task.  Mouth-to-mask  ventilation  may  also  ap- 
pear unsophisticated  when  compared  to  BVM  ventilation. 
Another  issue  may  be  related  to  a  hindering  of  communica- 
tion of  the  rescuer  performing  mouth-to-mask  ventilation. 


Mouth-to-Mouth 

EVA 

Hospitak 

Hudson 

Safe  Response 

Pocket  Mask 

LDS 

SealEasy 

Vital  Signs 


0  0.2  0.4  0.6         0.8  1.0  1.2 

Volume  (L) 

Fig.  9.  Mean  volumes  delivered  by  mouth-to-mouth  ventila- 
tion and  mouth-to-mask  ventilation  with  the  devices  evalu- 
ated. (From  Reference  67,  with  permission) 


Bag- Valve  Resuscitator  Devices 

Description 

Bag-valve  resuscitators  consist  of  a  self-inflating  bag, 
oxygen  reservoir,  and  NRV  (Fig.  10).  The  operator  venti- 
lates the  patient  by  squeezing  the  self-inflating  bag,  which 
forces  air  into  the  NRV  and  to  the  patient.  The  self-inflating 
bag  is  typically  made  of  a  resilient  material  such  as  rubber, 
silicone,  or  polyvinylchloride.  Most  self-inflating  bags 
have  a  volume  of  about  2.0  L  for  adults.  When  the  operator 
releases  the  bag,  it  returns  to  its  resting,  inflated  position. 
During  re-expansion,  the  bag  fills  with  room  air  via  a  one- 
way valve  on  the  rear  of  the  bag  or  with  oxygen  from  an 
oxygen  reservoir.  Oxygen  reservoirs  usually  are  classified 
as  either  tube  or  bag  reservoirs,  based  on  their  construction 
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Fig.  10.  Schema  of  a  manual  resuscitator.  A.  Self-inflating 
bag.  B.  Nonrebreathing  valve.  C.  Oxygen  reservoir.  (From 
Reference  68,  with  permission.) 
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and  appearance.  During  the  exhalation  phase,  the  patient's 
expired  air  is  directed  away  from  the  self-inflating  bag  to 
the  environment  by  the  NRV.  NRVs  are  of  several  designs, 
including  duck-bill  valves,  spring-disk  valves,  spring-ball 
valves,  diaphragm  valves,  and  leaf  valves. 

An  ideal  self-inflating  resuscitator  has  the  following 
characteristics:68 

•  Bag  volume  should  be  twice  the  volume  to  be  deliv- 
ered and  construction  should  allow  the  operator  to  deliver 
800  mL  while  squeezing  the  bag  with  one  hand. 

•  An  FDO:  of  0.85- 1 .0  should  be  available  for  CPR.  The 
oxygen  reservoir  should  be  lightweight  and  unobtrusive. 

•  The  construction  of  the  bag  should  allow  rapid  refill 
so  faster  respiratory  rates  can  be  provided  as  required.  The 
bag  should  not  require  gas  flow  to  inflate,  and  the  bag  mate- 
rial should  allow  the  operator  a  'feel'  for  patient  impedance 
characteristics. 

•  The  NRV  should  prevent  any  back  leak  of  patient  ex- 
pired gases  into  the  bag,  have  a  low  resistance  to  inspirato- 
ry and  expiratory  flow  (<  5  cm  HiO  pressure  drop  at  50 
L/min),  and  possess  a  minimum  dead  space  (<  30  mL  for 
adults).  The  NRV  should  be  transparent  to  allow  detection 
of  vomitus  or  other  obstruction  and  should  perform  effec- 
tively at  high  oxygen  flows. 

•  Adult  resuscitators  should  not  have  a  pressure  relief 
valve.  Pediatric  devices  should  be  equipped  with  a  35-40 
cm  H2O  pressure  relief  valve  that  may  be  overridden  if 
required. 

•  The  bag-valve  device  should  allow  attachment  of  a 
spirometer  to  measure  expired  volumes  and  a  positive-end 
expiratory  pressure  (PEEP)  valve,  and  be  equipped  with  a 
tap  for  monitoring  airway  pressure  with  an  aneroid 
manometer. 

•  The  resuscitator  bag  should  be  lightweight,  easily 
held  in  one  hand,  easy  to  disassemble,  easy  to  clean,  and 
impossible  to  reassemble  improperly.  The  device  should 
be  rugged  and  should  perform  well  under  adverse  condi- 
tions of  temperature. 

Assessment  &  Controversies 

In  1992.  Barnes  reviewed  the  literature  on  this  topic  in 
this  journal.69  In  this  portion  of  the  paper,  we  deal  with  the 
current  literature  and  controversies  concerning  BVM  ven- 
tilation. 

Ventilation  Efficacy.  Numerous  studies  have  evaluated 
the  ability  of  rescuers  to  provide  ventilation  to  models 
using  BVM.  Results  have  uniformly  shown  that  one-res- 
cuer BVM  is  ineffective.1744 ■4"""711-71 

These  reports  suggest  diminished  volume  delivery  due 
to  the  inability  of  a  single  rescuer  to  use  one  hand  to  hold 
the  mask  securely  while  maintaining  airway  patency 


(head-tilt,  chin-lift)  and  squeezing  the  bag  with  the  other 
hand.  Results  from  these  studies  vary  widely,  with  a  mini- 
mum value  reported  by  Hess  et  al42  of  300  mL  up  to  700 
mL  reported  by  Seidelin  et  al.45  Comparison  of  the  results 
is  likewise  a  problem.  Models  used  for  BVM  research  in- 
clude resuscitation  and  intubation  mannequins  connected 
to  test  lungs  that  vary  from  the  very  simple  to  complex, 
precision  test  lungs.  A  Laerdal  Resusci-Anne  resuscitation 
mannequin  requires  alignment  of  airway  structures  prior  to 
providing  ventilation,  whereas  the  intubation  head  has  a 
preformed  open  airway  that  eliminates  the  need  for  airway 
opening  maneuvers.  It  is  obvious  that  results  using  these 
two  models  might  be  quite  different.  Test  lungs  can  cause 
similar  problems.  With  a  training  test  lung,  resistance  and 
compliance  can  be  set,  whereas  the  lungs  inside  a  resusci- 
tation mannequin  are  essentially  two  bags.  Additional  vari- 
ability may  be  due  to  differences  in  volume-monitoring  so- 
phistication; some  studies  use  pneumotachographs  and 
others  respirometers.  However,  even  with  the  wide  vari- 
ability in  results,  it  can  easily  be  concluded  that  BVM  by 
one  rescuer  is  typically  ineffective. 

Several  suggestions  have  been  made  to  improve  venti- 
lation provided  by  BVM.  Cummins  et  al72  and  Barnes  and 
Adams71  have  evaluated  the  face-and-thigh-squeeze  tech- 
nique (FATS).  This  method  is  used  in  prehospital  care  to 
increase  delivered  volume.  The  rescuer  kneels  and  places 
the  victim's  head  between  his  knees.  One  hand  holds  the 
mask  and  provides  the  head-tilt  and  jaw-lift  by  pulling  up 
on  the  mandible.  The  remaining  hand  squeezes  the  bag 
against  the  rescuer's  thigh  in  an  attempt  to  maximize  bag 
deflation  and,  thus,  volume  delivery. 

Volume  delivery  during  BVM  can  also  be  increased  by 
using  two  rescuers.74  Similarly,  when  two  hands  are  used 
to  squeeze  the  bag,  tidal  volume  is  enhanced.  Hess  and 
Baran42  found  delivered  volume  almost  doubled  when 
using  two-person  BVM  and  two-hand  compression  of  the 
bag  (from  300  mL  to  580  mL).  However,  in  the  prehospital 
setting  the  availability  of  two  rescuers  to  perform  ventila- 
tion is  unlikely. 

Other  factors  affecting  BVM  performance  include  mask 
design,75  respiratory  impedance.7'1  hand  size,7778 and  volu- 
metric feedback.74  In  general,  a  soft,  pliable,  inflatable, 
sealing  mask  improves  the  face-to-mask  seal  and  increases 
Vj.  As  pulmonary  compliance  falls  or  resistance  increases, 
delivered  volume  falls,  and  larger  hands  are  associated 
with  larger  VjS.  Volumetric  feedback  improves  volume 
delivery  by  allowing  the  rescuer  to  get  a  feel  for  adequate 
volume  delivery. 

We  have  recently  recorded  breath-by-breath  volumes 
during  bag-valve-endotracheal  tube  ventilation  during  CPR 
in  the  emergency  department.8"  Our  results  show  average 
VTs  during  CPR  of  57 1  mL  at  a  frequency  of  24  breaths/min, 
with  average  peak  airway  pressures  of  41  cm  H:0,  and  aver- 
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age  inspiratory  times  of  1 . 1  seconds.  These  values  are  con- 
siderably different  from  AHA  guidelines  and  suggest  that 
some  type  of  volume  and/or  frequency  monitor  might  im- 
prove the  efficiency  of  bag-valve  ventilation. 

Oxygen  Concentration.  Numerous  reports  have  evaluat- 
ed the  ability  of  resuscitators  to  deliver  a  desired  oxygen 
concentration.8190  According  to  ASTMS  and  ISO,9  Fdo: 
should  be  >  0.85  with  an  oxygen  reservoir  in  use  and  an 
oxygen  flow  of  15  L/min.  The  AHA  recommends  an  Fdo; 
of  1.0  or  "the  highest  possible  oxygen  concentration 
should  be  administered  as  soon  as  possible  to  all  patients 
with  cardiac  or  respiratory  arrest."1  This  recommendation 
seems  to  be  prudent,  but  no  studies  have  proven  an  Fdo:  of 
1 .0  to  be  superior  to  an  Fdo:  of  0.50.  In  fact,  it  could  be 
speculated  that  an  Fdo:  of  1.0  might  accentuate  reperfu- 
sion  injury.  The  required,  safe  Fio:  during  CPR  is  a  matter 
of  some  controversy  and  requires  further  sound  scientific 
investigation  for  clarification. 

Instances  in  which  Fdo;S  of  <  0.85  have  been  reported 
with  bag-valve  devices  are  related  to  high  minute  ventila- 
tion, insufficient  reservoir  volume,  and  ambient  tempera- 
tures <  0°  C.81"90  Most  current  resuscitator  designs  are  ca- 
pable of  delivering  a  minimum  Fdo:  of  0.85  during  CPR. 

Nonrebreathing  Valve.  The  NRV  is  the  heart  of  the  resus- 
citation bag.  According  to  ASTM,  the  NRV  should  resist 
breakage,  function  in  the  presence  of  vomitus,  allow  flows 
of  up  to  30  L/min  without  sticking,  and  continue  to  func- 
tion at  extremes  of  temperature  (-18°C  to  +50°C).8 

Studies  of  NRV  competence  in  the  presence  of  vomitus 
have  shown  adequate  performance  in  a  majority  of 
cases.8190  Several  devices  have  failed  at  low  temperatures 
when  condensation  froze  the  valve's  components.90 
Reports  have  also  shown  that  many  devices  fail  the  "drop 
test"  of  falling  one  meter  to  a  concrete  floor.8790 

Back-leak  through  an  NRV  should  be  minimal  to  pre- 
vent rebreathing,  and  most  devices  have  few  problems 
with  valve  incompetence.  Several  cases  of  NRV  failure 
due  to  misassembly  have  been  reported,  which  under- 
scores the  need  for  operator  vigilance  and  a  design  that 
eliminates  the  possibility  of  misassembly.91 

Hess  and  Simmons92  found  that  resistance  to  flow  of 
NRV  in  adult  resuscitators  is  variable.  They  found  three 
devices  that  exceeded  the  5-CITI-H2O  back-pressure  stan- 
dard at  a  flow  of  50  L/min,  specified  by  ASTM8  (Fig.  1 1 ). 
Hess  and  Simmons92  suggested  that  the  increased  flow  re- 
sistance of  some  NRVs  could  prolong  expiration  and  cause 
air  trapping,  which  might  lead  to  barotrauma  or  further  im- 
pediment to  ventilation.  They  also  suggested  that  NRVs 
with  high  flow  resistance  might  contribute  to  fatigue  of  the 
rescuer  squeezing  the  bag. 

Spontaneous  breathing  through  the  NRV  of  resuscita- 


Fig.  11.  Measured  inspiratory  (  M  )  and  expiratory  (  en  ) 
back  pressure  across  12  valves  at  flow  of  50  L/min,  at 
which  back  pressure  should  be  <  5  cm  H20. 

tors  has  been  an  area  of  some  controversy.93-94  In  1994, 
Hess  and  colleagues  evaluated  the  imposed  work  of 
breathing  created  during  simulated  spontaneous  breathing 
via  the  NRV  of  1 1  disposable  resuscitators.95  They  found 
that  both  inspiratory  and  expiratory  work  of  breathing  is 
elevated.  Imposed  work  of  breathing  increases  with  the  ap- 
plication of  PEEP  and  with  increased  patient  flow  demand. 
Measurements  of  work  in  this  study  were  quite  high  (up  to 
2.0  J/L)  and  represent  a  10-  to  100-fold  increase  compared 
to  the  imposed  work  of  common  intensive  care  ventila- 
tors.95 The  authors  recommended  that  the  practice  of  al- 
lowing spontaneous  breathing  via  disposable  resuscitation 
bags  be  abandoned. 

BVM  ventilation  remains  the  most  popular  method  of 
ventilatory  support  by  BLS  providers  in  the  field.96  Many 
factors  previously  discussed  allow  BVM  ventilation  to  be 
used  extensively  despite  evidence  of  its  limitations.  More 
effective  provider  training  may  be  the  answer  to  problems 
with  BVM,  rather  than  introduction  of  new  ventilatory 
techniques. 

Oxygen-Powered  Breathing  Devices 

Description 

Oxygen-powered  breathing  devices  (OPDs)  are  fre- 
quently called  demand  valves  or  known  by  a  trade  name 
such  as  Flynn  or  Elder  valve.  Both  ASTM  and  ISO  have 
created  standards  for  OPD.8  9  A  typical  OPD  consists  of  a 
demand  valve  that  can  be  manually  or  patient  triggered 
(Fig.  12).  The  OPD  is  connected  to  a  50  psig  source  of  gas 
and  is  attached  to  the  patient  via  a  standard  15-22  mm  con- 
nector. During  manual  activation  of  the  demand  valve,  the 
operator  depresses  the  actuator,  allowing  gas  to  travel  to 
the  patient.  According  to  the  ASTM  standard,  this  flow 
should  be  restricted  to  40  L/min  to  prevent  excessive  ven- 
tilation and  gastric  distension.  Modern  OPDs  also  limit  the 
available  airway  pressure  (via  a  pressure-limiting  valve) 
and  the  length  of  inspiratory  time.  Inspiration  is  terminated 
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Fig.  12.  (A)  manually  triggered  oxygen-powered  breathing 
device. 


after  3  seconds,  even  if  the  operator  continues  to  depress 
the  actuator.  During  spontaneous  breathing,  the  demand 
valve  is  pressure  triggered  and  allows  a  flow  of  up  to  100 
L/min  on  patient  demand. 

Assessment  &  Limitations 

The  history  of  the  OPD  is  troubling.  A  number  of  stud- 
ies have  shown  failure  of  the  pressure-limiting  devices 
within  the  OPD  and  subsequent  high  airway  pressures  (> 
100  cm  H20).97"  Pradis  and  Caldwell  have  reported  a 
case  of  pneumocephalus  resulting  from  OPD-to-mask  ven- 
tilation, caused  by  excessive  airway  pressures.  However, 
some  of  this  work97"  was  done  prior  to  introduction  of  the 
40L/min  flow-limiting  design. 

More  recently,  Menegazzi  and  colleagues100101  have 
evaluated  the  use  of  the  OPD  in  a  model,  providing  ventila- 
tion via  OPD  to  mask  and  OPD  to  endotracheal  tube.  Using 
a  mannequin  system  similar  to  that  developed  by  our  group, 
Menegazzi  et  al  found  no  difference  in  delivered  Vjs  be- 
tween BVM  and  OPD-to-mask  ventilation.  They  did  how- 
ever, report  significantly  increased  gastric  insufflation  with 
BVM  ventilation.  This  difference  was  attributed  to  the  high 
inflation  pressures  and  flows  that  can  be  developed  during 
BVM  ventilation  compared  to  the  fixed  steady  flow  of  40 
L/min  provided  by  the  OPD.  Menegazzi  and  Winslow100 
suggested  that  OPD-to-mask  was  superior  to  BVM  ventila- 
tion in  preventing  gastric  insufflation  in  this  model:  howev- 
er, they  suggested  that  clinical  studies  be  performed  prior  to 
widespread  use  of  the  OPD. 

Mesezzo  et  al""  compared  the  OPD  to  a  bag-valve-de- 
vice for  ventilation  of  a  model  via  an  endotracheal  tube. 
They  found  similar  delivered  VTs  at  all  levels  of  compli- 
ance tested.  Additionally,  they  reported  a  higher  airway 
pressure  with  the  bag-valve  device  compared  to  the  OPD 
(31  cm  H:0  vs  13  cm  HjO  at  normal  lung  compliance). 
The  authors""  suggested  that  the  lower  airway  pressures 


were  due  to  the  fixed  40  L/min  inspiratory  flow  and  that 
demand  valve  ventilation  through  an  endotracheal  tube 
may  be  preferable.  One  limitation  of  the  OPD  is  the  inabil- 
ity of  the  rescuer  to  gauge  patient  compliance. 

The  history  of  the  OPD  is  a  major  limitation  to  adopting 
its  use  today.  However,  devices  that  meet  the  ASTM  stan- 
dard can  probably  be  used  safely  and  effectively.  Clinical 
studies  of  the  OPD  in  the  field  are  necessary  prior  to  recom- 
mending widespread  use.  AHA  rates  the  OPD  as  Class  II. 


Ventilators  for  Resuscitation 


Description 


Transport  ventilators  for  prehospital  care  and  CPR  are 
typically  time-triggered,  volume-limited,  time-cycled  de- 
vices.102J03  They  are  typically  simple,  having  one  or  two 
controls,  providing  only  one  mode,  no  PEEP,  and  a  Fnon  °f 
1 .0.  The  AHA  has  suggested  that  automatic  transport  ven- 
tilators meeting  the  following  criteria  are  Class  I  devices:1 

•  Have  a  lightweight  connector  with  a  standard 
15/22  mm  fitting 

•  Have  a  lightweight  (2-5  kg),  compact,  rugged  design 

•  Operate  in  all  environmental  conditions  and  extremes 
of  temperature 

•  Have  a  peak  pressure  limit  of  60  cm  HiO,  with  an 
option  of  80  cm  H2O 

•  Have  an  audible  alarm  when  the  peak-pressure  limit 
is  exceeded 

•  Have  minimal  gas  consumption 

•  Have  minimal  gas-compression  volume  in  the  circuit 

•  Deliver  an  fractional  oxygen  concentration  of  1 .0 

•  Have  an  inspiratory  time  of  2.0  seconds  for  adults 
and  1.0  second  for  children  with  corresponding  peak 
inspiratory  flowrates  of  30  and  15  L/min. 

•  Have  at  least  two  breathing  frequency  settings. 
Additionally,  AHA  lists  desirable  features  that  include  a 

manometer,  separate  rate  and  volume  controls,  and  a  low 
pressure  alarm. 

Characteristics 

Our  group"11  has  published  descriptions  of  prehospital 
ventilators  and  desirable  characteristics.  These  are  similar 
to  those  listed  by  AHA. 

Operational  Characteristics.  All  ventilators  used  in  pre- 
hospital care  should  be  time  or  volume  cycled.  Modified 
pressure-cycled  devices  have  been  used  by  skilled  clini- 
cians, although  their  general  use  is  discouraged.  Constant 
flowrate  ventilators  are  preferred,  but  nonconstant  flow 
ventilators  can  be  used  successfully.  Inspiratory  flowrate 
and  Vj  should  be  minimally  affected  by  changes  in  air- 
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ways  resistance  and  lung-thorax  compliance  (<  10% 
change).  The  ideal  is  that  gas  consumption  to  power  the 
ventilator's  system  components  be  zero;  however,  low- 
level  gas  consumption  (<  5  L/min)  is  acceptable,  but  de- 
creases the  ventilator's  operating  time. 

Portability.  Size  and  weight  are  the  chief  concerns. 
Orientation  of  controls  and  handles  for  carrying  the  device 
are  also  important.  A  weight  less  than  4  kg  is  considered 
desirable. 

Power  Source.  Pneumatically  powered  ventilators  are 
preferable  to  electronically  powered  ones.  Ventilators  that 
require  pneumatic  and  electronic  power  sources  require 
compressed  oxygen  and  a  direct  current  power  source  (bat- 
tery); thus,  two  perishable  power  sources  are  necessary. 
There  are  tradeoffs,  however,  with  these  two  types  of  ven- 
tilators. Electronically  powered  ventilators  provide  more 
precise  control  of  variables  and  do  not  consume  gas  during 
operation.  Either  type  of  ventilator,  thus,  can  be  adequate. 

Ease  of  Operation.  Operation  of  the  ventilator  should  be 
as  simple  as  possible,  with  a  minimum  number  of  controls. 
Each  control  should  be  labeled  as  to  function,  effects,  and 
possible  hazards.  When  possible,  a  diagram  of  the  circuit 
and  its  proper  connection  to  the  patient  should  be  printed 
on  the  side  or  back  panel  of  the  ventilator.  Ventilators  used 
in  prehospital  care  do  not  need  a  variable  Fdo:-  continuous 
positive  airway  pressure  (CPAP),  or  a  variety  of  ventilato- 
ry modes.  In  our  study  of  prehospital  ventilatory  support. 
95%  of  patients  remained  apneic  during  transport. 
Addition  of  a  demand-flow  valve  adds  size  and  weight  to 
the  ventilator  and  can  also  increase  gas  consumption. 
Some  transport  ventilators  position  the  demand-flow  valve 
on  the  endotracheal  tube.  This  can  result  in  inadvertent  ex- 
tubation  or  kinking  of  the  tube  due  to  the  weight  of  the  de- 
mand-flow valve.  As  stated  previously,  independent  con- 
trol knobs  for  Vj  and  f  should  be  available.  An  important, 
and  often  overlooked,  feature  is  the  manual  inhalation  con- 
trol. This  allows  the  operator  to  control  ventilator  rate  and 
Vj  manually,  independent  of  the  ventilator's  settings,  in 
special  situations.  This  control  is  also  helpful  during  aus- 
cultation of  breath  sounds  to  confirm  proper  endotracheal 
tube  placement. 

Assembly  and  Disassembly.  The  ventilator  breathing  cir- 
cuit and  exhalation  valve  should  be  simple,  and  incorrect 
assembly  should  be  impossible.  Likewise,  high-pressure 
tubing  from  the  gas  source  to  the  ventilator  and  from  venti- 
lator to  patient  should  not  be  interchangeable — to  avoid 
misassembly.  If  a  valve  is  used  to  control  the  flow  of  inspi- 
ratory and  expiratory  gases  (such  as  an  NRV),  it  should  be 
easily  cleaned  of  vomitus,  blood,  and  secretions. 


Safety.  The  number  of  safety  devices  are  limited  by  the 
small  size  of  transport  ventilators.  A  high-pressure  relief 
valve  that  vents  gas  to  the  atmosphere  at  a  preselected  peak 
inflation  pressure,  or  PIP  (typically  60-80  cm  H^O  for 
adults  and  30-40  cm  FLO  for  children),  should  be  required 
on  transport  ventilators.  Activation  of  the  high  pressure 
limit  should  be  signaled  by  a  visual  or  audible  alarm  to 
alert  the  operator.  The  ventilator  should  also  have  an  anti- 
asphyxia  valve.  If  gas  and/or  electrical  power  supplies  are 
exhausted,  the  system  should  allow  the  patient  to  breathe 
ambient  air  without  excessive  resistance.  Battery-powered 
ventilators  should  be  equipped  with  a  low-battery  signal 
that  indicates  when  1  hour  of  power  remains.  Loss  of  oxy- 
gen power  supply  to  a  transport  ventilator  should  activate 
audible  and/or  visual  alarms. 

Durability.  Extremes  of  temperature  and  humidity  should 
not  adversely  affect  the  operation  of  transport  ventilators. 
These  ventilators  should  be  capable  of  operating  on  a  mo- 
ment's notice  (even  after  prolonged  periods  of  storage)  and 
should  be  able  to  withstand  rough  treatment  and  still  oper- 
ate properly.  Occasionally,  transport  ventilators  are  used  in 
hazardous  environments  and  should,  therefore,  have  pro- 
tective cases  that  can  withstand  erosion  by  chemicals  or 
other  foreign  substances. 

Maintenance.  Preventive  maintenance  should  be  per- 
formed periodically  by  the  manufacturer  or  a  trained  tech- 
nician. Routine  maintenance  should  be  minimal. 

Breathing  Valve.  One  distinct  feature  incorporated  into 
ventilators  used  in  prehospital  care  is  a  breathing  or  inhala- 
tion/exhalation-valve mechanism.  This  valve  is  connected 
to  the  ventilator  by  corrugated  or  high  pressure  tubing  and 
directs  inspiratory  and  expiratory  gases  to  and  from  the  pa- 
tient. The  valve  may  be  simple,  such  as  an  NRV,  or  it  can 
be  complicated.  Some  of  these  valves  may  house  an  NRV 
a  pressure-limiting  valve,  a  demand-flow  valve,  and  an  an- 
tiasphyxia  valve.  As  a  result,  several  connecting  ports  on 
these  breathing  valves  are  required  to  accommodate  addi- 
tional valves.  The  connecting  ports  should  have  different 
inside  and  outside  diameters  such  that  improper  connec- 
tion cannot  occur.  Resistance  to  inhalation  and  exhalation 
should  be  low  <  3  cm  ELO  •  s  •  L-1. 

The  weight  of  the  breathing  valve  should  be  minimal  (< 
0.3  kg),  because  heavy  or  awkward  valves  can  cause  kink- 
ing of  the  endotracheal  tube  or  accidental  extubation. 
Cleaning  the  valve  should  be  an  easy  and  simple  operation. 

Assessments  &  Comparisons 

Evaluations  of  the  ability  of  transport  ventilators  to  de- 
liver adequate  Vjs  have  been  published.1"41"7  These  stud- 
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ies,  however,  typically  deal  with  a  model  of  an  intubated 
patient.  We  have  presented  data  regarding  use  of  transport 
ventilators  in  the  prehospital  environment  but  also  only  in 
intubated  patients. % 

We  found  that  a  transport  ventilator  with  an  adjustable 
flow  control  delivered  more  consistent  Vjs  than  does 
BVM  ventilation.  The  ventilator  provided  smaller  VTs 
than  mouth-to-mouth  or  mouth-to-mask  ventilation  but 
produced  markedly  less  gastric  insufflation  than  either  of 
those  techniques.42  A  ventilator  with  a  fixed  flow  provided 
smaller  VTs. 

Greenslade10*  compared  volumes  delivered  to  a  man- 
nequin with  mouth-to-mouth,  mouth-to-mask,  BVM.  and 
ventilator-to-mask  ventilation  during  one-rescuer  CPR. 
This  study  had  rescuers  perform  CPR  with  each  ventilation 
technique  in  the  back  of  a  moving  ambulance.  Data  from 
this  study  are  shown  in  Tables  3  and  4.  Greenslade  found 
that  mouth-to-mouth  ventilation  allowed  the  largest 
minute  ventilation  and  most  successful  number  of  com- 
pressions per  minute.  Use  of  the  ventilator  and  manual  re- 
suscitator  resulted  in  the  smallest  minute  ventilation  and 
lowest  number  of  compressions.  He  recommended  that 
mouth-to-mask  ventilation  be  used  in  unintubated  patients 
and  that  ventilators  be  reserved  for  intubated  patients. 

Table  3.  Summary  Statistics  tor  Minute  Volume  (L)  for  17  Subjects* 


Volume 

Minimum 

Maximum 

Method/Device 

Mean(SD) 

Volume 

Volume 

Mouth-to-mouth 

10.5(3.1) 

4.6 

17.9 

Mouth-to-mask 

8.5(2.7) 

4.6 

15.6 

Ambu  resuscitator 

4.5(1.2) 

2.4 

6.2 

PneuPAC  resuscitator 

4.7(1.0) 
\\  permission. 

3.2 

6.4 

♦From  Reference  108.  wit 

squads  perform  oxygen-supplemented  mouth-to-mask 
ventilation  until  endotracheal  intubation  is  performed, 
after  which  time  bag-valve,  OPD.  or  ventilator  work  effec- 
tively. One  advantage  of  the  ventilator  is  that  it  frees  a  res- 
cuer to  perform  other  tasks.  A  disadvantage  may  be  the 
loss  of  'feel'  for  pulmonary  compliance. 

We  are  also  puzzled  by  the  AHA  recommendation  for  a 
ventilator  with  a  fixed  flow  of  30  L/min.  Because  the  ven- 
tilator is  most  often  used  in  intubated  patients,  there  is  no 
advantage  to  a  slow  inspiratory  flow.  In  fact,  the  slow  in- 
spiratory flow  creates  two  distinct  disadvantages: 

1 .  It  makes  it  impossible  to  make  up  for  leaks  around  a 
mask  if  used  in  an  unintubated  patient. 

2.  If  a  higher  frequency  is  desired  (ie,  for  head  injury), 
air  trapping  may  result  due  to  insufficient  expiratory  time. 

It  is  our  contention  that  while  a  fixed  flow  setting  may 
be  useful,  the  ventilator  should  have  a  provision  for  in- 
creasing flow. 

FUTURE  RESEARCH 

We  believe  future  research  into  emergency  ventilation 
should  consider  the  level  of  ventilation  provided  and  re- 
assess the  current  frequency  and  tidal  volume  standards. 
Because  the  current  standards  are  based  on  Safar's  study  of 
paralyzed,  live  volunteers,57  it  might  be  reasonable  to  as- 
sume a  patient  suffering  cardiac  arrest  would  have  a  lower 
CO2  production  and  require  less  minute  ventilation.  A  re- 
assessment of  the  necessary  Fqo:  is  also  in  order. 

With  new  CPR  techniques,  (eg,  vest  CPR,  active  com- 
pression-decompression) ventilatory  techniques  may  re- 
quire further  modification  and  as  is  suggested  elsewhere  in 
the  proceedings  of  this  conference, llly  perhaps  ventilation 
isn't  necessary  at  all. 


Table  4.      Summary  Statistics  for  Compressions  per  Minute  for  17 
Subjects* 


Number/min 

Minimum 

Maximum 

Ventilation  Method               (SD) 

Number 

Number 

Mouth-to-mouth               40.3(7.8) 

29 

57 

Mouth-to-mask                 38.2(7.1) 

26 

54 

Ambu  resuscitator            36.2(5.5) 

28 

47 

PneuPAC  resuscitator       33.1  (5.4) 

25 

44 

•From  Reference  Mis,  with  permission 

Greenslade  further  suggested  "keeping  ambulance 
speed  below  30  mph  and  using  oxygen-supplemented 
mouth-to-mask  ventilation,  appear  to  offer  the  best  chance 
of  success  in  unintubated  patients  receiving  single-opera- 
tor CPR.  "I,IK 

We  agree  with  Greenslade  and  would  recommend  BLS 
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Barnes:  Rich,  that  was  a  great  re- 
view. This  question  about  the  size  of 
tidal  volume  and  the  minute  volume 
during  CPR  is  an  interesting  ques- 
tion. I  recently  came  across  a  paper 
published  in  92  by  Popkin  and 
Swenson1  titled  "Resuscitation  from 
Severe  Acute  Hypercapnia"  where 
the  patient  was  well-oxygenated,  but 
the  Paco2  rose  to  373  torr,  probably 
not  the  true  value  that  high  in  the 
scale — but  the  point  was  this  patient 
was  ventilated  after  a  dental  proce- 
dure during  which  this  extreme  level 
of  hypercarbia  developed  and  made  a 
complete  recovery,  even  though  his 
pH  was  down  to  6.6  and  his  Paco; 
was  really  extremely  high.  It  raises 
the  whole  question  of  how  necessary 
is  ventilation  during  CPR  when 
there's  no  blood  flow,  if  the  patient  is 
well  oxygenated.  It  may  be  that  a 
small  tidal  volume  and  small  minute 
ventilation  with  good  oxygenation  is 
all  that  is  needed. 

1 .  Popkin  RT,  Swenson  ER.  Resuscitation 
from  severe  acute  hypercapnia.  Deter- 
minants of  tolerance  and  survival. 
Chest  1992:102(61:1742-1745. 


Branson:  I  can't  agree  more  Tom. 
We  are  just  now  embarking  on  a 
study  to  measure  CO:  production  in 
patients  undergoing  CPR,  to  try  to 
determine  what  minute  ventilation  is 
required  to  maintain  a  normal  alveo- 
lar CO2.  I'm  sure  all  of  us  around  the 
table  who  do  ARDS  research  know 
that  the  new  trend  is  permissive  hy- 
percapnia. We  let  the  patient's  Paco: 
be  80,  90,  or  100  and  the  pH  7.25  or 
7.20,  and  we  don't  worry  about  it.  It 
may  be  that  this  whole  CPR  issue  of 
mechanical  ventilation  has  been 
overstated.  We  do  have  to  be  careful 
because  after  near-drowning  and  in 
pediatric  patients,  ventilation  and 
oxygenation,  as  we  were  told  this 
morning,  are  the  Number  1  thing  to 
do.  But  in  adult  CPR,  ventilation  may 


not  be  necessary  at  all.  It  may  just  be 
that  we  have  to  provide  a  continuous 
tracheal  insufflation  of  oxygen.  With 
things  like  active  decompression  of 
the  chest,  we  may  just  have  to  intu- 
bate the  patient,  run  a  flow  of  oxygen 
down  the  trachea,  and  not  have  to 
ventilate  the  patient  at  all. 

Bishop:  I'd  just  like  to  go  along  with 
the  same  theme — that,  in  fact,  venti- 
lation may  not  only  not  be  necessary 
but  in  certain  patients  it  can  be  a  haz- 
ard. Those  are  patients  with  obstruc- 
tive airways  disease.  I've  seen  deaths 
in  patients  who  were  just  barely  com- 
pensating, who,  once  they  were  intu- 
bated and  positive-pressure  ventila- 
tion started,  had  no  blood  pressure 
obtainable,  basically  because  of  air 
trapping  and  a  lack  of  venous  return. 
I've  been  an  expert  witness  in  a  case 
in  which  the  patient  was  intubated  but 
never  again  had  a  pulse.  EMD  oc- 
curred because  of  air  trapping.  Yet, 
unless  you  stand  there  and  say  "Take 
it  easy.  Don't  ventilate  like  that,"  ev- 
erybody's first  reaction,  as  soon  as 
that  tube  is  in,  is  to  go  like  crazy  with 
the  bag. 

Branson:  We  have  published  an  ab- 
stract for  the  AARC  Open  Forum 
that  reports  in  the  course  of  a  compli- 
ance study,  the  breath-to-breath  mea- 
surements over  the  entire  period  of 
CPR  in  the  emergency  department — 
an  average  respiratory  rate  during  re- 
suscitation of  about  21  breaths  per 
minute.  The  average  tidal  volume 
was  somewhere  around  600  mL.1 
Dean  and  I  have  both  worked  with  a 
couple  of  manufacturers,  trying  to 
convince  them  of  the  importance  of 
some  type  of  feedback  to  the  res- 
cuer— to  tell  them  what  they're 
doing,  even  if  it's  just  a  light  that 
turns  green  when  they  are  doing  it 
right  and  turns  red  when  they  are 
doing  it  wrong.  I  think  you're  right. 
Caregivers  overventilate  the  patient 
in  terms  of  rate  and  underventilate  the 
patient  with  respect  to  tidal  volume. 


I.  Branson  R,  Davis  K  Jr.  Johnson  R. 
Campbell  R,  Tabor  T.  Manual  ventila- 
tion during  cardiopulmonary  resuscita- 
tion. RespirCare  1994:39(11):  1068. 


Bishop:  Intubation  is  often  a  preter- 
minal event  in  severe  obstructive  air- 
ways disease,  and  I  think  it's  because 
of  positive-pressure  ventilation  and 
air  trapping. 

Hamill:  I  have  two  comments.  One, 
we  can  take  patients  coming  into  the 
operating  room — the  classic  situation 
is  during  the  placement  of  double- 
lumen  tubes — we're  so  busy  trying  to 
check  the  position  of  the  tube  and 
squeezing  the  bag  that  most  of  those 
people  end  up  with  systolic  pressures 
in  the  range  of  50  to  70  in  spite  of 
fluid  loading  prior  to  the  event.  Take 
a  patient  who  is  hypovolemic,  if  we 
get  a  little  enthusiastic,  it's  clearly 
going  to  make  a  big  difference.  The 
other  comment  I  wanted  to  make  was 
about  cricoid  pressure.  Probably  we 
do  more  of  that  in  the  operating  room 
than  is  done  anywhere  else.  One  of 
the  things  that  people  need  to  keep  in 
mind  is  that  you  can,  obstruct  the  air- 
way by  doing  that.  If  it's  not  working, 
don't!  When  applying  a  Sellick  ma- 
neuver— if  you  can't  ventilate  with 
cricoid  pressure  application,  try  let- 
ting it  go. 

Kaye:  A  little  homily.  Our  goal  is  to 
take  basic  science  and  translate  it  into 
practice.  The  proper  conduit  is  educa- 
tion. None  of  us  became  physicians, 
nurses,  or  RCPs  by  just  grabbing  a  toy 
and  playing  with  it.  I  think  that  if  the 
scientists  tell  us  that  ventilation  is  or  is 
not  necessary  or  bag-mask  ventilators 
are  good  or  bad,  it  is  up  to  us  to  trans- 
late that  science  into  practice.  The 
bag-mask  ventilator  is  clearly  the 
major  culprit.  Several  years  ago 
American  Heart  almost  threw  it  out — 
it  was  no  longer  required  for  'certifica- 
tion' back  in  the  old  days.  The  fact  is 
that  everybody  grabs  that  device. 
Everybody  loves  it!  When  I  respond  to 
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a  hospital  code,  the  first  thing  I  do  is 
tell  the  airway  manager  to  tilt  the  head 
hack,  make  sure  there's  a  tight  mask 
fit.  and  "Watch  the  chest  rise!"  The 
fact  is  it's  not  being  used  right.  1  think 
there  is  a  role  for  the  bag-mask  venti- 
lator. But  I  think  our  problem  is  that 
our  educational  process  is  clearly  defi- 
cient— let's  not  throw  out  a  device  be- 
cause it's  hard  to  teach.  Let's  make  our 
teaching  better  so  that  it's  effective. 

Pepe:  Would  you  like  me  to  address 
the  5  points.... 

Branson:  Well,  if  you'd  like  to. 

Pepe:  I  can  address  them  one  by  one 
if  you  like. 

Branson:  Are  we  talking  about  the 
controversies? 

Pepe:  Correct. 

Branson:  Sure.  One  was  cricoid 
pressure.  Do  you  want  to  say  any- 
thing about  cricoid  pressure? 

Pepe:  It's  good  in  adults  during  bag- 
valve-mask  ventilation  and  in  unintu- 
bated  patients  to  occlude  the  esopha- 
gus and,  therefore,  to  diminish  the 
risk  of  reflux  and  enhance  the  pas- 
sage of  gas  into  the  trachea. 

Branson:  OK. 

Pepe:  If  you  do  it  right,  teach  it  right, 
with  the  proper  caveats  included,  it's 
not  that  hard  to  do,  and  you  usually 
don't  compress  the  airway.  You 
could,  conceivably,  press  to  hard,  but 
generally  it's  the  reasonable  thing  to 
do.  OK? 

Branson:  flic  second  was  Do  we 
have  to  use  a  tidal  volume  of  0.8  to 
1 .2  liters? 

Pepe:  OK.  First  of  all,  when  you  stop 
breathing  you  don't  sigh  anymore. 
When   you're  breathing   normally. 


you  sigh  normally,  right?  However, 
if  you  stay  at  the  same  normal  tidal 
volume  of  400  and  500  mL  without 
sighs  over  a  period  of  time,  you 
would  probably  have  airway  closure 
in  dependent  lung  zones  with  result- 
ing shunt  and  hypoxemia.1  So.  what 
we've  done  on  ventilators  is  to  put 
people  on  at  8  mL/kg  or  greater,  gen- 
erally at  an  initial  rate  of  10-12.  and 
we've  found  that  from  our  collective 
experience  that  the  lung  deflation  is 
avoided.  This  becomes  particularly 
important  during  CPR  when  you're 
pressing  on  the  chest.  Lung  compli- 
ance is  already  going  down  anyway 
because  by  the  time  you  intubate  the 
patient.  Even  if  you  haven't  yet  start- 
ed CPR,  the  patient's  lung  volume 
has  already  begun  to  deflate  to  some 
extent.1  Therefore,  the  key  is  to 
maintain  adequate  lung  inflation. 
Now  what  you're  getting  at  is  also 
key — What's  the  rate  at  which  we 
deliver  this  adequate  lung  inflation? 
That's  a  little  tougher  to  determine. 
On  the  ACLS  committee,  I  would 
probably  have  voted  for  more  like  5- 
6/minute  rather  than  10-12 
breaths/minute  during  circulatory  ar- 
rest because  I  think  you  need  only  a 
minimum  number  of  breaths  to 
maintain  adequate  lung  inflation 
(which  is  probably  at  least  5  or  6 
breaths).  Unfortunately,  most  clini- 
cians have  been  told  in  the  past  that 
they  should  be  hyperventilating  the 
patient  at  12-15  breaths/minute. 
Therefore,  10-12  per  minute  was 
kind  of  a  consensus  compromise  that 
came  out  of  the  panel's  delibera- 
tions.2 The  next  question  is.  Why 
apply  BLS  standards  to  ALS  de- 
vices? In  other  words,  the  rate  of  de- 
livery of  air  into  the  intubated  person 
(ic,  over  a  1-2  second  period)?  The 
rationale  that  distribution  of  gas  ac- 
tually is  better  at  the  lower  inspirato- 
ry rale  with  positive  pressure  breaths 
(vs  taking  a  spontaneous  breath).  A 
rapidly  delivered  positive-pressure 
breath  may  not  distribute  optimally.  I 
think  it's  a  small  issue,  however.  I 


think  that  once  you've  intubated 
them,  it's  not  that  big  a  deal  about 
how  fast  you  deliver  the  gas — Just 
how  often  and  how  deep. 

1.  Pepe  PE.  Copass  MK.  Joyce  TH. 
Prehospital  endotracheal  intubation — 
rationale  for  training  emergency  medi- 
cal personnel.  Ann  Emerg  Med 
1985;14:1085-1092. 

2.  American  Heart  Association.  Adult 
Advanced  Cardiac  Life  Support 
(ACLS).  Pari  III,  Guidelines  for 
Cardiopulmonary  Resuscitation  and 
Emergency  Care.  JAMA  1992:2681 10- 
28-921:2199-2241. 

Branson:  It's  not  an  issue  at  all,  once 
they're  intubated.  That  was  why  I 
was  curious. 

Pepe:  Well,  it  is  a  physiologic  issue, 
but  it's  probably  clinically  unimpor- 
tant. So,  I  agree  with  your  conclu- 
sion. As  far  as  I'm  concerned,  once 
they're  tubed,  if  you  maintain  ade- 
quate inflation  by  at  least  a  few 
breaths  per  minute,  you're  probably 
OK  during  circulatory  arrest.  The 
guidelines  were  influenced  by  some 
of  the  participating  physiologists.  As 
a  clinician  as  well  as  a  pulmonary 
physiologist  I'm  not  inflexible  about 
that  consensus  guideline.  Next  issue: 
Is  ventilation  necessary  at  all? 
Probably.  But.  it's  probably  not  as 
necessary  as  we  thought  in  the  past.1 

I.  Pepe  PE,  Copass  MK.  Warnke  WJ. 
Emergency  medical  services  and  sys- 
tems of  out-of-hospital  resuscitation.  In: 
Cardiac  Arrest:  The  pathophysiology 
and  therapy  of  sudden  death.  Paradis. 
Nowak,  Halperin,  eds.  Baltimore: 
Williams  &  Wilkms,  in  press. 

Branson:  I  agree  with  you.  but. 
again,  the  people  who  are  doing 
ARDS  research,  as  you're  probably 
aware,  are  getting  away  from  even  10 
mL/kg.  They're  doing  6  mL/kg  tidal 
volume  on  patients  with  ARDS. 
Again,  different  lung  pathologies. 

Pepe:  Aren't  these  ARDS  people  on 
significant  levels  of  PEEP? 


4% 
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Branson:  Yes. 

Pepe:  So  it's  still  an  adequate  lung- 
inflation  issue,  to  some  extent. 

Branson:  Sure. 

Halperin:  Another  thing  peculiar  to 
Johns  Hopkins — that's  really  where 
the  rate  of  10-12,  and  minute  volume 
of  0.8-1.2,  came  from.  It's  buried  in 
the  CPR  literature.  It  was  done  by 
Peter  Safar  in  the  late  50s  and  early 
60s.  He  actually  recruited  volunteers 
and  did  mouth-to-mouth  ventilation 
on  them  and  lots  of  other  kinds  of  ven- 
tilation, and  he  found  that  it  took  that 
amount  of  ventilation  to  maintain  their 
blood  gases.  That's  where  the  ABCs 
came  from — because  he  added  airway 
and  breathing  to  chest  compression. 
That  work  has  been  criticized  a  lot  be- 
cause, clearly,  the  heart  was  beating, 
and  probably  a  lot  more  ventilation 
was  needed.  However,  he  still  defends 
it.  The  other  thing  is  that  Idris:  and  his 
group  down  in  Gainesville  have  done 
some  work  looking  at  how  much  ven- 
tilation is  necessary.  Their  work  was 
in  pigs.  They  haven't  extended  it  to 
patients  yet — but  they  looked  at  vari- 
ous gas  mixtures  to  try  to  simulate  the 
low  oxygen  and  high  CO:  of  mouth- 
to-mouth  ventilation.  What  they  found 
was  that  in  animals  that  were  hyper- 
carbic  there  was  actually  a  substantial 
decrease  in  survival,  compared  with 
animals  that  were  not  hypercarbic. 
The  implication  is  that  you  need 
enough  ventilation  to  prevent  hyper- 
carbia,  but,  again,  those  studies  are 
very  preliminary. 


1.  Safar  P.  Ventilatory  efficacy  of  mouth- 
to-mouth  artificial  respiration:  airway 
obstruction  during  manual  and  mouth- 
to-mouth  artificial  respiration.  JAMA 
1958;167:335-341. 


2.  Idris  A.  Fuerst  R.  Wenzel  V.  Becker  L. 
Orban  D.  Banner  M.  Does  hypoxia  or 
hypercarbic  acidosis  independently  af- 
fect survival  from  cardiac  arrest?  (ab- 
stract) Circulation  1993:88(4.  Part 
2):  1225. 

Aufderheide:  To  comment  and  echo 
some  previous  comments — unlike 
ACLS.  BLS  has  a  lot  fewer  data  on 
which  to  base  its  recommendations, 
and  there's  probably  no  other  aspect 
of  BLS  that  is  in  need  of  research 
more  than  this  one.  We're  hoping  that 
in  the  next  5  years  there  will  be  a  lot 
more  research,  so  that  more  intelli- 
gent recommendations  can  be  made, 
both  for  barrier  devices  and  for  air- 
way adjuncts. 

Kaye:  I  will  second  that.  I  think  we 
have  to  remember  that  CPR  probably 
would  rate  about  a  lib.  I'm  not  sure 
about  a  III,  but  it's  probably  a  lib. 
And  it's  all  based  on  poor  data  from 
the  past,  beautifully  amplified  by 
BLS  practitioners  on  recording  CPR 
mannequins  and  the  committees  who 
sat  in  camera  late  at  night  figuring  out 
guidelines.  I  don't  mean  to  be  critical, 
but  it's  just  a  fact.  I  think  that  abso- 
lutely, as  they  say,  more  work  is 
needed.  Basic  science  needs  to  criti- 
cally evaluate  every  one  of  these  sa- 
cred cows  and  put  them  to  rest.  I 
think  it's  very  important  because  of 
the  question  Where  did  it  all  come 
from?2  I'm  not  sure — some  science, 
some  tradition. 

Barnes:  I  have  a  lot  of  trouble  with 
the  work  that  Banner  and  Melker  did1 
because  when  you  look  at  their  data  at 
low  compliances,  then  the  difference 
between  gas  to  the  stomach  and  gas  to 
the  lungs  really  comes  together.  I 
think  it  really  behooves  us,  for  unintu- 
bated  patients,  to  look  and  see  what 
their  lung  compliance  is.  We  may 


have  someone  who  went  into  pul- 
monary edema  and  then  arrested, 
whose  lungs  are  full  of  water,  who  re- 
ally needs  to  be  treated  differently. 
Maybe  the  patient  needs  to  be  intubat- 
ed sooner.  I  think  certain  patients  need 
to  be  intubated  earlier.  Bag-valve- 
mask  is  not  the  end-all.  Some  people 
think  as  long  as  you  do  bag-valve- 
mask  properly,  you  can  take  as  much 
time  as  you  want  to  intubate,  but  with 
some  patients,  no  matter  how  well 
you  use  the  resuscitator,  you're  going 
to  put  a  lot  of  air  in  the  stomach. 

1 .  Melker  RJ,  Banner  MJ.  Ventilation  dur- 
ing CPR:  two-rescuer  standards  reap- 
praised. Ann  Emerg  Med  1985;14:397- 
402. 

Branson:  Because  we're  talking 
about  in-hospital  resuscitation,  ideal- 
ly, everybody  ought  to  be  intubated 
as  soon  as  the  equipment  arrives.  For 
most  of  us,  I  believe,  this  occurs  in 
fairly  short  order.  If  we  change  the 
setting  to  ventilation  provided  by  a 
BLS  provider  then  the  issue  of  lung 
compliance  and  gastric  insufflation  is 
more  important. 

Barnes:  There  are  some  papers  that 
have  shown  in  simulated  cardiac  ar- 
rests that  the  nursing  staff  doesn't 
even  get  the  oxygen  flowing  before 
the  resuscitation  team  arrives,  so  the 
first  responders  are  further  off  the 
mark  than  we  think  they  are  on  the 
basic  BLS  concepts. 


1.  Palmisano  JM,  Akingbola  OA,  Moler 
FW,  Custer  JR.  Simulated  pediatric  car- 
diopulmonary resuscitation:  initial 
events  and  response  times  of  a  hospital 
arrest  team.  Respir  Care  1994:39:725- 
729. 

2.  Sullivan  MJJ.  Gorden  GH.  Simulated 
cardiac  arrests  for  monitoring  quality 
of  in-hospital  resuscitations.  Lancet 
1986;1:618-620. 
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Introduction 

Administration  of  drugs  is  an  important  adjunct  to  suc- 
cessful resuscitation.  Other  than  oxygen,  administration  of 
drugs  is  secondary  to  basic  life  support,  defibrillation,  and 
airway  management.  During  cardiopulmonary  resuscita- 
tion (CPR),  drugs  can  be  administered  by  central  or  pe- 
ripheral infusion,  intracardiac  injection,  endotracheal  in- 
stillation, or  intraosseous  infusion. 

Intratracheal  Drug  Administration 

Intratracheal  drug  administration  during  CPR  is  appeal- 
ing for  several  reasons.  The  airway  is  often  more  easily  se- 
cured than  is  vascular  access — particularly  in  pediatric  pa- 
tients, obese  patients,  dialysis  patients,  intravenous  narcot- 
ic abusers,  and  patients  with  profound  peripheral  vascular 
collapse.  Drugs  absorbed  from  the  airway  return  to  the  left 
atrium  and  should,  therefore,  be  delivered  quickly  into  the 
systemic  circulation.1  Although  this  route  of  emergency 
drug  administration  has  been  widely  accepted  and  fre- 
quently used,  it  has  undergone  little  scientific  investigation 
on  human  subjects  in  cardiac  arrest.13 

Initial  interest  in  endotracheal  drug  administration  oc- 
curred after  data  by  Redding  et  al4  were  published. 
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Effectiveness  of  epinephrine  administration  ( 1  mg)  using  8 
methods  (n=10  in  each  group)  was  evaluated  in  mongrel 
dogs  (Fig.  1 ).  Intratracheal  administration  of  epinephrine 
(1  mL  1:1,000,  diluted  to  10  mL  total  volume)  was  as  ef- 
fective as  intravenous  (I.V.)  or  intracardiac  administration. 

AHA  Recommendations 

The  American  Heart  Association  (AHA)5  recommends 
endotracheal  drug  administration  of  epinephrine,  lido- 
caine,  and  atropine  if  venous  access  is  delayed.  The  rec- 
ommended intratracheal  dose  is  2-2.5  times  the  I.V.  dose, 
diluted  to  a  volume  of  10  mL  in  water  or  normal  saline 
(NS).  The  AHA  recommends  that  a  catheter  be  passed  be- 
yond the  endotracheal  tube,  chest  compressions  interrupt- 
ed, drug  injected  through  the  catheter,  several  quick  insuf- 
flations given,  and  chest  compressions  resumed. 
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Fig  1.  Effectiveness  of  epinephrine  in  restoring  circulation  in  car- 
diac arrested  dogs  by  route  of  administration;  n  =  10  in  each  group. 
(From  Reference  4,  with  permission). 
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Drugs  Administered  by  This  Route 

Epinephrine  has  been  the  drug  most  commonly  admin- 
istered by  the  tracheal  route.6"18  However,  the  tracheal  ad- 
ministration of  other  drugs  has  been  described — 
lidocaine, |y25  atropine,2627  diazepam,28-29  and  naloxone.30 
Because  the  tracheal  route  is  attractive  for  drug  adminis- 
tration, it  is  likely  that  other  drugs  may  be  administered  by 
this  route  in  the  future.31-32  A  requirement  for  tracheal  drug 
administration  is  that  it  be  effective  at  a  dose  that  can  be 
delivered  in  a  relatively  small  volume  (eg,  <  10  mL).  With 
larger  drug  volumes,  the  potential  for  interference  with  gas 
exchange  is  greater,  although  this  has  not  been  scientifical- 
ly evaluated.  Even  though  emergency  tracheal  administra- 
tion of  a  variety  of  drugs  has  been  described,  it  must  be  un- 
derstood that  the  scientific  basis  for  the  routine  use  of  this 
technique  has  not  been  well-established  in  patients.2-3 

Catheter  vs  Direct  Instillation — Effect  of 
Hyperinflation 

As  stated  previously,  the  AHA  has  recommended  that  a 
catheter  (eg,  pediatric  feeding  tube)  be  passed  through  the 
endotracheal  tube  for  administration  of  emergency  drugs. 
The  AHA  also  recommends  that  chest  compressions  be 
stopped  during  this  procedure,  and  that  several  quick  in- 
sufflations should  be  given  following  drug  instillation.5 
The  rationale  for  this  is  that  the  use  of  a  catheter  prevents 
adherence  of  the  drug  to  the  endotracheal  tube  wall.  This  is 
a  controversial  topic  and  both  the  catheter-instillation  and 
direct-instillation  methods  have  their  proponents. 

There  is  little  support  in  the  literature  for  the  catheter- 
instillation  technique.  Ralston  et  al10  studied  intrapul- 


monary  epinephrine  administration  in  a  group  of  dogs  in 
ventricular-fibrillation  cardiac  arrest,  and  compared  those 
to  a  group  that  did  not  receive  epinephrine  by  any  route. 
Intrapulmonary  epinephrine  administration  was  achieved 
by  use  of  a  Swan-Ganz  catheter,  which  was  passed  with  its 
balloon  inflated  to  a  wedge  position  deep  in  the  bronchial 
tree.  Compared  to  the  group  that  received  no  epinephrine, 
those  who  received  intrapulmonary  epinephrine  had 
greater  tissue  blood  flow  to  the  heart,  brain,  kidneys,  and 
adrenal  glands  (Fig.  2).  However,  there  are  several  short- 
comings of  this  study — direct  instillation  was  not  com- 
pared with  the  catheter  technique,  and  intrapulmonary 
drug  administration  was  not  compared  to  other  routes  of 
epinephrine  administration.  In  a  dog  study,  Mazkereth  et 
al16  found  higher  plasma  epinephrine  levels  with  peripher- 
al bronchial  instillation  (using  a  16-gauge  24-inch 
catheter)  compared  to  direct  endotracheal  instillation  (Fig. 
3).  However,  physiologic  response  (heart  rate  and  mean 
arterial  pressure)  were  similar  with  both  approaches.  They 
speculated  that  some  portion  of  endotracheally  instilled 
drugs  may  remain  in  the  endotracheal  tube  and  large  con- 
ducting airways,  preventing  effective  absorption. 
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Fig  2.  Tissue  blood  flow  during  10-20  minutes  of  CPR  to  seven  tis- 
sue beds.  Group  I  is  control  (□)  and  Group  II  (■)  received  intra- 
pulmonary epinephrine.  (From  Reference  10,  with  permission). 


Time  after  Dosing  (min) 

Fig  3.  Time  course  of  plasma  epinephrine  concentration  after  en- 
dotracheal (ET  --0--  )  and  peripheral  bronchial  (PB  — • —  )  ad- 
ministration; symbols  are  mean  ±  SD.  *  p  <  0.05  between  the  2 
routes.  (From  Reference  16,  with  permission). 

Mace21  compared  5  methods  of  intratracheal  administra- 
tion of  lidocaine  in  a  canine  model.  All  of  the  dogs  were 
healthy  (none  were  in  cardiac  arrest).  Each  dog  received  a 
bolus  of  endotracheal  lidocaine  (3  mL)  using  1  of  5  tech- 
niques, and  plasma  lidocaine  levels  were  drawn  at  15,  30, 
and  60  minutes.  The  5  techniques  used  were  injection  of  li- 
docaine directly  from  a  syringe  into  the  endotracheal  tube, 
injection  of  lidocaine  directly  into  the  endotracheal  tube 
through  a  13-gauge  spinal  needle,  dilution  of  lidocaine  to  a 
volume  of  6  mL  before  instillation,  injection  of  lidocaine 
followed  by  instillation  of  NS  of  an  equal  volume,  and  in- 
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jection  of  lidocaine  through  a  catheter  extending  beyond 
the  tip  of  the  endotracheal  tube  (size  and  type  unspecified). 
With  undiluted  drug  (3  mL).  plasma  lidocaine  levels  were 
initially  greater  with  catheter  instillation  than  with  direct 
instillation  (Fig.  4A).  but  this  difference  disappeared  by  15 
minutes  following  administration  (Fig.  4B).  Interestingly, 
Mace  also  found  that  the  greatest  plasma  lidocaine  levels 
occurred  when  the  drug  was  diluted  to  6  mL  and  directly 
instilled  into  the  endotracheal  tube  (Fig.  4).:l 


E    6 


Technique 


6        • 


Fig  4.  (A)  Mean  +  SD  plasma  lidocaine  level  for  5  techniques  of  en- 
dotracheal administration  at  5  minutes  after  administration.  (B)  Mean 
plasma  lidocaine  levels  as  a  function  of  time  for  5  techniques  of  en- 
dotracheal administration —  •  dilution,  I  ,  control,  +  needle,  ▲ 
catheter  and  .    NS  follow  up.  (From  Reference  21 ,  with  permission). 


Several  comparisons  of  instillation  through  a  catheter 
versus  direct  instillation  have  shown  no  benefit  of  instilla- 
tion through  a  catheter. 18,22,24,25,33  The  lack  of  superiority  of 
catheter  instillation  has  been  shown  using  contrast  materi- 
al,33  lidocaine,22-2425  and  epinephrine.1"  Greenberg  and 
Spivey"  used  contrast  material  to  compare  4  methods  of 
endotracheal  drug  administration — direct  instillation  fol- 
lowed by  5  rapid  insufflations,  instillation  through  a 
catheter  followed  by  5  rapid  insufflations,  direct  instilla- 
tion but  no  rapid  insufflations,  and  instillation  through  a 
catheter  but  no  rapid  insufflations.  They  found  that  manual 
ventilation  produced  bilateral  distribution  of  the  contrast, 
but  use  of  catheter  instillation  offered  no  benefit  (Table 
l).33  In  several  studies  using  anesthetized  patients,24-25 
Prengel  et  al  evaluated  lidocaine  blood  levels  following  di- 
rect endotracheal  instillation  or  deep  endobronchial  instil- 
lation using  a  bronchoscope  (10  mL  at  2  mg/kg  in  both 
groups).  In  one  study,  it  was  found  that  therapeutic  blood 
levels  could  be  achieved  without  toxic  blood  levels  with 
either  approach.24  In  the  other  study,  it  was  shown  that  ini- 
tial lidocaine  blood  levels  were  higher  with  direct  endotra- 
cheal tube  instillation  (Fig.  5).25 

Table  I.      Effect  of  Method  of  Instillation  on  Distribution  Pattern  and 
Depth  of  Penetration.* 


Bilateral 

Distribution 

(%) 


Penetration  to 

Terminal 

Bronchioles  (%) 


Direct  instillation  and 
manual  ventilation 
following  instillation 

Catheter  instillation  and 
manual  ventilation 
following  instillation 

Direct  instillation  and  no 
manual  ventilation 
following  instillation 

Catheter  instillation  and  no 
manual  ventilation 
following  instillation 


*From  Reference  33,  with  permi- 


Using  swine  in  whom  cardiac  arrest  had  been  induced. 
Jasani  et  al18  compared  3  methods  of  radioactive 
epinephrine  administration  (5  mL  in  each  group) — direct 
instillation  into  the  endotracheal  tube,  injection  via  a  feed- 
ing catheter,  and  injection  via  the  monitoring  lumen  built 
into  the  sidewall  of  the  endotracheal  tube.  They  document- 
ed no  difference  in  successful  resuscitation  between  the  3 
groups  and  found  that  little  epinephrine  adhered  to  the  en- 
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Fig  5.  Plasma  lidocaine  concentrations  for  the  first  2  hours  after 

2.0  mg/kg  administered  by  direct  endotracheal  instillation  ( ) 

or  intrasegmental  instillation  ( ).  (From  Reference  25,  with 

permission). 

dotracheal  tube  wall  (<  1.5%).  They  also  found  that  bilat- 
eral distribution  of  the  epinephrine  occurred  in  about  40% 
of  the  animals  (no  difference  between  groups),  and  distri- 
bution pattern  did  not  affect  successful  resuscitation. 

From  our  review  of  the  literature,  there  appears  to  be  no 
advantage  of  the  catheter-instillation  method  over  direct  in- 
stillation. The  catheter-instillation  method  is  labor  inten- 
sive, and  requires  interruption  of  ventilation  and  chest  com- 
pressions. Direct  instillation  is  quicker,  less  expensive,  and 
easier  to  perform.  Techniques  that  involve  deep  endotra- 
cheal instillation  (eg.  bronchoscopic  instillation  and  instil- 
lation through  a  Swan-Ganz  catheter  wedged  into  the  air- 
way) are  almost  impossible  to  use  during  a  cardiac  arrest. 
We  are  also  concerned  that  deep  intrabronchial  instillation 
in  patients  with  lung  disease  could  result  in  drug  delivery  to 
parts  of  the  lung  where  uptake  might  be  compromised. 
Following  instillation  with  5  rapid  insufflations  does  seem 
reasonable,  and  most  studies  have  used  this  technique. 

Dose 

Based  upon  early  studies  by  Roberts  et  al,6-7  a  common 
recommendation  is  to  use  an  endotracheal  dose  of 
epinephrine  that  is  ten  times  the  intravenous  dose.  Using  a 
pig  model,  Hornchen  et  al13  found  similar  plasma  concen- 
trations and  physiologic  effects  when  intravenous 
epinephrine  was  compared  to  endotracheal  administration 
at  ten  times  the  intravenous  dose.  Crespo  et  al15  compared 
2  doses  of  endotracheal  epinephrine  (0.01  mg/kg  and  0.1 
mg/kg)  in  a  swine  model.  The  lower  epinephrine  dose  pro- 
duced plasma  epinephrine  levels  that  were  not  clinically 
different  from  control,  whereas  the  higher  dose  produced 
significant  increases  in  plasma  epinephrine  levels  (Fig.  6). 
Although  the  dose  of  epinephrine  should  be  increased  for 
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Fig  6.  Mean  plasma  epinephrine  levels  as  a  function  of  time  for  the 
control  (O),  epinephrine  0.01  mg/kg  (A),  and  epinephrine  0.1 
mg/kg  (•).  *  indicates  epinephrine  0.1  mg/kg  significantly  different 
from  control  and  0.01  mg/kg  dose  (p  <  0.05).  **  indicates  that  the 
control  group  is  different  from  both  epinephrine  groups  (p  <  0.05). 
(From  Reference  15,  with  permission). 


endotracheal  administration,  whether  this  is  necessary  for 
other  drugs  such  a  lidocaine,24 :5  diazepam,-19  and  at- 
ropine26 is  unclear. 

Diluent  Volume 

It  is  generally  accepted  that  endotracheal  drug  adminis- 
tration requires  dilution  to  a  volume  of  5-10  mL.  Redding 
et  al4  found  that  an  endotracheal  dose  of  1  mL  epinephrine 
was  ineffective,  whereas  endotracheal  epinephrine  diluted 
to  10  mL  was  as  effective  as  intravenous  or  intracardiac 
administration.  Mace21  found  that  endotracheal  instillation 
of  lidocaine  resulted  in  much  greater  plasma  lidocaine  lev- 
els when  the  drug  was  diluted  to  6  mL  before  instillation. 


Normal  Saline  vs  Water  Diluent 

For  endotracheal  drug  administration,  there  is  a  theoret- 
ical advantage  to  dilution  with  water  rather  than  NS. 
Dilution  with  water  should  result  in  a  lower  osmolality 
than  NS  dilution,  thus,  promoting  drug  uptake  from  the 
pulmonary  parenchyma.  In  dogs,  Greenberg  et  al34  found 
that  administration  of  NS  by  the  endotracheal  route  pro- 
duced fewer  detrimental  effects  on  arterial  blood-gas  val- 
ues than  did  the  administration  of  distilled  water. 
However,  a  dose  of  2  mL/kg  was  used  in  that  study,  which 
is  much  greater  than  that  typically  used  for  endotracheal 
drug  administration  (eg,  140  mL  for  a  70  kg  person) 
Redding  et  al4  found  that  successful  resuscitation  of  dogs 
was  virtually  identical  whether  NS  or  water  was  used  to  di- 
lute epinephrine,  but  the  return  of  spontaneous  circulation 
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was  more  rapid  in  the  group  who  received  water  as  the 
diluent.  In  anesthetized  humans  with  normal  cardiopul- 
monary function.  Hahnel  et  al22  compared  endotracheal 
administration  of  lidocaine  diluted  to  10  mL  with  distilled 
water  and  NS.  At  5  minutes  following  instillation,  plasma 
lidocaine  levels  were  greater  with  the  water-diluent  group 
than  the  NS-diluent  group.  Further,  the  average  drop  in 
PaO;  was  greater  in  the  NS-diluent  group  (60  torr)  than  the 
water-diluent  group  (40  torr).  Although  these  few  studies 
are  not  conclusive,  it  appears  that  drug  dilution  with  water 
may  be  superior  to  NS  dilution  for  endotracheal  adminis- 
tration of  epinephrine. 

Depot  Effect 

Delayed  absorption  from  the  lung  to  the  bloodstream  of 
endotracheally  administered  drugs  has  been  reported  for 
epinephrine  and  lidocaine.  This  effect  has  been  referred  to 
as  a  depot  effect.  The  depot  effect  was  first  described  by 
Roberts  et  al,6'7  who  reported  rapid  and  sustained  blood 
levels  of  epinephrine  following  endotracheal  administra- 
tion in  anesthetized  dogs.  In  anesthetized  humans,  Prengel 
et  al25  described  a  depot  effect  with  endotracheal  adminis- 
tration of  lidocaine.  in  which  drug  absorption  was  found  to 
be  biphasic  (Fig.  7).25  A  depot  effect  has  also  been  demon- 
strated in  animal  models  of  cardiac  arrest.13,15  Whether  or 
not  this  depot  effect  is  good  or  bad  is  a  topic  of  controver- 
sy. With  epinephrine,  delayed  clearance  could  lead  to  per- 
sistent tachycardia,  hypertension,  and  dysrhythmias. 
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evaluated.  Hahnel  et  al23  reported  a  decrease  in  Pao:  fol- 
lowing endotracheal  administration  of  lidocaine.  However, 
none  of  the  patients  in  this  study  became  hypoxemic  sec- 
ondary to  the  procedure  due  to  supplemental  oxygen  ad- 
ministration. Two  other  studies,  one  in  humans-  and  one 
in  dogs,16  reported  no  deleterious  effect  of  endotracheal 
drug  administration  on  arterial  blood-gas  values. 


Animal  vs  Human  Studies 

Most  studies  of  endotracheal  drug  administration  have 
been  conducted  using  animal  models,  and  few  studies  have 
used  human  subjects.  This  is  understandable  because  it  is 
difficult  to  conduct  randomized,  blind,  placebo-controlled 
clinical  trials  on  humans  who  are  in  cardiac  arrest,  and  be- 
cause endotracheal  drug  administration  is  widely  accepted 
and  recommended  by  the  AHA.  The  first  report  of  success- 
ful use  of  endotracheally  administered  epinephrine  to  a  pa- 
tient in  cardiac  arrest  was  that  of  a  1 3-day-old  boy.9  In  hu- 
mans, reports  on  the  use  of  endotracheal  drug  administra- 
tion have  been  primarily  anecdotal. 

McCrirrick  and  Kestin17  compared  systolic  blood  pres- 
sure responses  to  intravenous  and  endotracheal 
epinephrine  administration  in  12  patients  undergoing  elec- 
tive hip  replacement.  Intravenous  epinephrine  was  admin- 
istered as  0.1  /vg/kg  diluted  to  5  mL  with  NS.  The  dose  of 
endotracheal  epinephrine  was  0.5  yUg/kg  diluted  to  5  mL 
with  NS,  and  administered  through  a  fine-bore  catheter  po- 
sitioned 1  cm  beyond  the  tip  of  the  endotracheal  tube. 
Tracheal  administration  was  followed  by  6  large  insuffla- 
tions. Tracheal  administration  of  epinephrine  failed  to  pro- 
duce a  clinically  important  increase  in  systolic  arterial 
blood  pressure  in  any  patient  (Fig.  8),  suggesting  that  a  tra- 
cheal dose  >  5  times  the  intravenous  dose  may  be  neces- 


Fig  7.  Curve  fittings  for  plasma  lidocaine  concentrations  of  8  pa- 
tients after  endotracheal  administration.  Note  the  biphasic  pattern 
of  absorption.  (From  Reference  25,  with  permission). 


Effect  on  Pulmonary  (Jas  Exchange 

The  administration  of  drugs  by  the  endotracheal  route  is 
presumably  sale,  although  this  has  not  been  thoroughly 


Time  after  Administration  of  Adrenaline  (min) 

Fig  8.  Mean  systolic  arterial  pressure  after  intravenous  (0.1  ug/kg, 
)  or  tracheal  (0.5  ug/kg, )  epinephrine  in  1 2  patients  un- 
dergoing elective  surgery.  (From  Reference  17,  with  permission). 
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sary  to  produce  a  physiologic  response.  A  limitation  of  this 
study  was  that  none  of  the  patients  were  in  cardiac  arrest, 
and  the  results  of  the  same  study  on  patients  in  cardiac  ar- 
rest might  have  been  different. 

Quinton  et  al14  compared  endotracheal  and  intravenous 
epinephrine  in  12  patients  who  presented  in  the  emergency 
department  in  cardiac  arrest.  Patients  were  randomized  to 
receive  either  intravenous  epinephrine  (1  mL  1:1,000  in 
antecubital  vein,  n  =  7)  or  endotracheal  epinephrine  (10 
mL  1:1,000  directly  instilled  into  the  endotracheal  tube 
followed  by  6  insufflations,  n  =  5).  Virtually  no  change  oc- 
curred in  arterial  epinephrine  levels  in  patients  who  re- 
ceived endotracheal  epinephrine,  whereas  there  was  a  sig- 
nificant increase  in  arterial  epinephrine  levels  in  patients 
who  received  intravenous  epinephrine  (Fig.  9).  Although 
the  sample  size  was  small,  the  authors  concluded  that  the 
endotracheal  route  is  not  reliable  for  epinephrine  adminis- 
tration in  patients  with  out-of-hospital  cardiac  arrest. 


support  the  use  of  this  method,  studies  on  patients  who  are 
actually  in  cardiac  arrest  have  not  uniformly  shown  that 
tracheal  instillation  is  an  effective  method  of  drug  delivery 
during  resuscitation. 

Table  2.      Endotracheal  Drug  Administration  during  Cardiac  Arrest: 
Recommendations. 

•  Endotracheal  drug  administration  should  not  be  considered  a  first 
line  therapy  during  cardiac  arrest;  this  route  should  only  be  used  if 
venous  access  cannot  be  secured. 

•  At  least  for  epinephrine,  an  appropriate  endotracheal  dose  is  10 
times  the  intravenous  dose. 

•  No  clear  superiority  has  been  shown  for  instillation  through  a 
catheter,  and.  therefore,  direct  instillation  into  the  endotracheal 
tube  should  be  used. 

•  The  dose  should  be  diluted  to  10  mL  with  either  normal  saline  or 
water. 

•  Five  rapid  insufflations  should  be  used  after  endotracheal  drug 
administration. 
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Fig  9.  Arterial  epinephrine  (adrenaline,  •  ■)  and  norepinephrine 
(noradrenaline,  O  □)  levels  before  and  after  epinephrine  administra- 
tion by  intravenous  route  (•  O)  and  intratracheal  route  (■  n)  in  12 
cardiac-arrested  patients.  (From  Reference  14,  with  permission). 


Recommendations 

We  believe  that  endotracheal  administration  of  some 
drugs  (ie,  epinephrine,  lidocaine,  atropine)  may  be  effec- 
tive. Our  recommendations  for  use  of  this  method,  based 
upon  our  review  of  the  literature,  are  listed  in  Table  2.  One 
must  recognize  that  very  little  research  using  endotracheal 
drug  administration  has  been  done  on  humans  in  cardiac 
arrest.  However,  it  is  difficult  to  conduct  randomized, 
blinded  clinical  trials  in  such  patients.  Although  data  in 
animal  models  and  human  subjects  not  in  cardiac  arrest 


Intraosseous  Drug  Infusion 

Intraosseous  infusion  as  a  technique  for  venous  access 
was  described  by  Drinker  in  1922.35  During  the  1940s,  ex- 
perience with  this  technique  was  described  by  many  au- 
thors as  summarized  by  Rosetti  and  colleagues  (Table 
3).36  Tocantins37  may  have  been  the  best-known  advocate 
for  intraosseous  infusion  in  the  1940s.  In  the  1950s  and 
1960s,  intravenous  catheters  and  techniques  were  devel- 
oped and  improved,  and  intraosseous  infusion  was  largely 
forgotten.  However,  in  the  past  10  years,  there  has  been 
renewed  interest  in  the  use  of  intraosseous  infusion,38"41 
particularly  in  patients  in  whom  emergency  intravenous 
access  is  difficult.  The  study  by  Rosetti  et  al36  reported 
that  venous  access  required  more  than  10  minutes  in  24% 
of  patients  in  cardiac  arrest  in  the  pediatric  emergency  de- 
partment, and  intravenous  access  was  never  achieved  in 
6%  of  arrests.  Kruse  et  al42  suggested  that  some  features 
of  intraosseous  infusions  are  attractive:  (1)  cannulation 
can  be  performed  in  <  30  s,  (2)  the  procedure  has  a  high 
success  rate,  even  in  the  hands  of  paramedic  personnel, 
(3)  the  anatomic  landmarks  used  to  facilitate  catheter 
placement  are  easily  identified,  (4)  the  complication  rate 
is  low,  and  (5)  a  wide  variety  of  drugs  and  fluids  can  be 
administered  by  this  route. 

Intraosseous  infusion  uses  the  rich  vascular  network  of 
long  bones  to  transport  fluids  and  drugs  to  the  venous  cir- 
culation.40 The  medullary  cavity  is  composed  of  a  spongy 
network  of  venous  sinusoids  that  drain  into  a  central  ve- 
nous canal,  and  from  there  into  the  venous  circulation 
(Fig.  10).  The  intraosseous  route  has  been  used  for  admin- 
istration of  numerous  drugs  and  solutions,38"45  including 
NS,  glucose,  blood,  sodium  bicarbonate,  atropine, 
dopamine,  epinephrine,  diazepam,  antibiotics,  phenytoin. 
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Table  3.      Studies  of  Intraosseous  Infusion  Conducted  in  the  1940s.' 


Number  Number 

Successful  Failed 

Author  (Datel  Infusions       Infusions^ 


Complications  Noted 


Arbeiter(1944)  35 

Bailey  (1944)  60 


8   (18.66)        0 


Behr(1944) 

Bielstein(1944) 

Clement  (1947) 

Couder(1948) 

Dardinski  ( 1 94? ) 

Ellison  (1944) 

EIston(1947) 

Giraud  (1945) 

Gunz(1945) 

Heinild(1947) 

Heyrouti(1947) 

Higgins(1947) 

Massey  (1950) 

Meela(1944) 

O'Neill  (1942) 

Pillar  (1954) 

Quilligan  (1946) 
Ravitch  (1943) 

Reich  (1 945) 
Reisman(1944) 
Romero  (1945) 
Rooney (1944) 
Sondergaard  ( 1946) 
Sutton  (1947) 
Texter(1948) 

Tocantins  (1943) 

Valdes(1977) 
Williams  (1948) 


60 
58 
65 
100+ 

40 
97 
20 
35 
982 
310 
120 
72 
326 
116 


77 
100 
750 
200 
300 


15 
138 


15  (13.4) 


(2.9) 
(1.8) 


(14.3) 
(0.0) 


2     (2.0) 


(7.7) 
(10.2) 
(11.8) 


1  Posterior  sternal 

perforation 
1  Osteomyelitis 
0 

3  Osteomyelitis 
0 

1  Mediastinitis 
0 

1  Subcutaneous  abscess 
0 

3  Osteomyelitis 
5  Osteomyelitis 
0 
0 

1  Osteomyelitis 
1  Arterial  thrombosi 
1  Posterior  sternal 

perforation 
1  Subcutaneous 

sloughing  2°  level 
1 

1  Anterior  mediastinitis 
0 

1  Subcutaneous  abscess 
0 

2  Osteomyelitis 
5  Osteomyelitis 
0 

2  Osteomyelitis, 

1  subcutaneous  abscess 

2  Osteomyelitis, 

1  subcutaneous  abscess 

0 

1  Osteomyelitis 


:  information  not  available  (From  Reference  36,  with  permission) 


Fig  10.  Intramedullary  venous  system  demonstrates  position  of  in- 
traosseous needle  in  the  medullary  sinusoids.  (From  Reference 
40,  with  permission). 


Technique 

Sites  for  intraosseous  infusions  include  the  sternum, 
humerus,  clavicle,  femur,  and  tibia.38  42  Of  these,  the  tibia 
and  femur  are  most  commonly  used.  The  sternum, 
humerus,  and  clavicle  cannot  be  used  during  cardiopul- 
monary resuscitation.  In  children  less  than  6  years  of  age, 
the  proximal  tibia  is  most  frequently  used  because  it  has  a 
broad  flat  surface  with  a  thin  layer  of  skin  covering  the 
bone.  The  distal  tibia  is  also  a  useful  site,  and  can  be  used 
in  children  or  adults.  The  distal  femur  is  usually  not  a  first 
choice  among  sites  because  overlying  muscles  and  fat 
make  palpation  of  landmarks  difficult. 

The  insertion  site  in  the  proximal  tibia  is  shown  in 
Figure  1 1 .  The  tibial  tuberosity  and  medial  border  of  the 
tibia  are  palpated.  Halfway  between  these  points  (ie,  on  the 
flat  medial  surface  of  the  proximal  shaft)  and  1-2  cm  dis- 
tally.  the  needle  is  inserted  in  a  caudal  direction.  The  opti- 
mal insertion  site  for  the  distal  tibia  (Fig.  12)  is  the  medial 
surface  proximal  to  the  medial  malleolus,  and  the  needle  is 
inserted  in  a  cephalad  direction. 


succinylcholine,  lidocaine,  crystalloids,  dextran,  isopro- 
terenol, pancuronium,  bretylium,  and  contrast  material. 
Drug  doses  and  fluid-administration  rate  by  this  route  are 
the  same  as  the  intravenous  route.42  In  addition  to  an  infu- 
sion site,  intraosseous  samples  have  been  evaluated  for 
their  use  as  a  source  of  blood  for  laboratory  studies.46 

AHA  Recommendations 

The  AHA1*  states  that  intraosseous  infusion  is  an  excel- 
lent alternative  when  intravenous  access  is  not  available, 
particularly  in  pediatric  patients.  The  AHA  recommends 
that  the  intraosseous  dose  be  the  same  as  the  intravenous 
dose,  although  a  higher  dose  may  be  needed  for  in- 
traosseous epinephrine. 


Fig  11.  Insertion  site  in  the  proximal  tibia  for  intraosseous  needle. 
The  tibial  tuberosity  and  medial  border  of  the  tibia  are  palpated. 
Halfway  between  these  points  and  1-2  cm  distally,  the  needle  is  in- 
serted pointing  away  from  the  joint  space,  in  a  caudal  direction. 
(From  Reference  40,  with  permission). 
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Fig  12.  Insertion  site  for  intraosseous  needle  in  the  distal  tibia.  The 
needle  is  inserted  in  the  medial  surface  of  the  distal  tibia  at  the 
junction  of  the  malleolus  and  shaft  of  the  tibia.  It  is  inserted  away 
from  the  joint  space,  in  a  cephalad  direction.  (From  Reference  40, 
with  permission). 

Any  needle  with  a  stylet  can  be  used.38"41  However,  a 
hollow  needle  may  become  plugged  with  bone.  In  children 
<18  months  of  age.  an  18  or  20-gauge  spinal  needle  can  be 
used.  In  older  children,  a  13-  to  16-gauge  bone  marrow  nee- 
dle can  be  used.  There  are  also  several  commercially  avail- 
able intraosseous  needles  designed  especially  for  this  pro- 
cedure. The  skin  should  be  cleansed  with  an  antiseptic  (io- 
dine or  alcohol),  and  a  local  anesthetic  should  be  used  if  the 
patient  is  conscious.  The  needle  is  inserted  perpendicular  to 
the  bone,  with  the  bevel  pointing  away  from  the  joint.  A  ro- 
tary motion  is  applied  until  there  is  a  slight  decrease  in  re- 
sistance ( 'trap-door  effect'  or  'soft pop'),  indicating  that  the 
cortex  of  the  bone  has  been  punctured.  Care  must  be  taken 
to  avoid  advancing  the  needle  through  the  opposite  side  of 
the  bone.  To  confirm  the  position  of  the  needle,  a  syringe  is 
attached  and  blood  or  marrow  is  aspirated. 

The  technique  of  intraosseous  infusion  has  been  suc- 
cessfully incorporated  into  the  prehospital  practice  of 
paramedics.47 "4l)  Paramedical  personnel  can  be  taught  this 
technique  in  a  relatively  short  training  session.  Fresh 
chicken  thigh  bones  or  pig  shin  bones  are  commonly  used 
for  training  and  simulations. 

Complications 

In  general,  the  complication  rate  for  this  technique  is 
low.38"41  The  most  common  complication  is  inability  to  enter 
the  bone  marrow  cavity.  Extravasation  of  fluid  can  occur 
around  the  puncture  site,  or  from  fracture  sites  and  holes  in 
the  cortex  from  unsuccessful  attempts.  For  this  reason,  in- 
traosseous infusion  is  not  recommended  in  a  fractured  bone 
or  in  one  with  an  unsuccessful  attempt.  Multiple  attempts  at 
intraosseous  infusions  can  significantly  decrease  vascular 
drug  levels,  presumably  due  to  extravasation.5" 

Osteomyelitis  has  been  a  concern  with  intraosseous  in- 
fusion. However,  the  risk  of  this  is  actually  low  (<  1%). 


Damage  to  the  epiphyseal  plate  is  a  concern,  but  there  has 
never  been  a  reported  case  of  this  related  to  intraosseous  in- 
fusion. Significant  complications  may  occur  with  the  ster- 
nal site,  but  this  approach  is  virtually  never  used.  Localized 
cellulitis  and  subcutaneous  abscesses  can  occur  (0.7%),  but 
their  incidence  is  probably  not  greater  than  that  of  localized 
infections  with  vascular  catheters  (3.7%).  Although  the 
complication  rate  is  low,  intraosseous  infusions  should  be 
discontinued  as  soon  as  vascular  access  is  secured. 

Intraosseous  Infusion  in  Adults 

The  intraosseous  route  for  infusion  has  been  used  most 
frequently  in  children.  The  highly  vascular  red  marrow  of 
long  bones  is  replaced  with  less-vascular  yellow  marrow  at 
about  5  years  of  age.42  This  yellow  marrow  still  contains  nu- 
merous venous  sinusoids  and  allows  modest  infusion  rates 
when  cannulated.  The  site  of  infusion  in  adults  is  the  distal 
tibia.  Valdes51  described  his  experience  with  intraosseous 
infusion  in  15  adults  with  a  median  age  of  45  years.  The  pa- 
tients, none  of  whom  were  in  cardiac  arrest,  received  infu- 
sions of  2-42  L  over  a  period  of  3.5-30  days.  No  serious 
complications  occurred.  Iserson52  described  his  experience 
with  intraosseous  infusion  in  22  adults  (age  36-84  years)  in 
cardiac  arrest.  Temporally  related  pharmacologic  effects 
were  observed  after  intraosseous  infusions  of  sodium  bicar- 
bonate, lidocaine,  atropine,  and  vasopressors.  There  has 
generally  been  less  interest  in  the  use  of  intraosseous  infu- 
sions in  adults,  perhaps  because  failure  to  establish  vascular 
access  is  less  common  in  adults  than  in  children. 

Infusion  Rates 

Several  groups  of  investigators  have  evaluated  infusion 
flowrates  in  animal  models.53"55  Shoor  et  al53  used  a  calf 
model  (to  simulate  adult  human  size)  and  cannulated  the 
right  medial  malleolus  with  a  13-gauge  trocar.  NS  was  in- 
fused at  atmospheric  pressure  (bag  suspended  at  81  cm), 
100,  200,  and  300  torr.  They  found  that  increasing  the 
pressure  on  the  bag  significantly  increased  the  infusion 
flow  (Fig.  13),  with  flows  of  about  2.5  L/h  at  300  torr. 

Hodge  et  al54  used  a  dog  model  (4-6  kg  puppies)  and 
cannulated  the  proximal  tibia.  Infusion  flowrates  were  de- 
termined using  20-gauge  and  13-gauge  needles  at  ambient 
pressure  (bag  hanging  at  100  cm)  and  300  torr.  They  found 
that  flow  in-vivo  was  much  less  than  that  during  in-vitro 
conditions.  Although  flowrates  were  greater  with  pressure, 
there  was  no  clinically  important  difference  between  13- 
gauge  and  20-gauge  needles.  They  concluded  that  infusion 
rates  with  intraosseous  infusions  were  inferior  to  that  with 
central  venous  catheters  (Fig.  14). 

In  a  swine  model,  Schoffstall  et  al55  compared  in- 
traosseous infusion  rates  with  large  and  small  animals,  13- 
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gauge  and  20-gauge  needles.  NS  and  blood  infusion,  and 
gravity  and  pressure  infusion.  They  found  that  infusion 
rate  was  affected  by  the  size  of  the  animal,  pressure  infu- 
sion, and  whether  NS  or  blood  was  infused  (Figs.  15,16). 


It  is  interesting  that  needle  size  was  important  in  large  ani- 
mals, but  not  small  animals.  These  results  suggest  that  the 
rate  limiting  factor  is  not  the  resistance  of  the  needle  and 
tubing  (as  is  the  case  with  intravenous  infusions),  but 
rather  the  characteristics  of  the  medullary  space. 


2,500 


a;  1,500 


Gravity  100torr  200  torr         300  torr 

(81cm) 

Fig  13.  Intraosseous  infusion  rates  through  13-gauge  needle  in- 
serted at  the  right  tibial  malleolus  with  gravity  flow,  100,  200,  and 
300  torr  infusion  pressure.  (From  Reference  53,  with  permission). 
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Fig  14.  Comparison  of  flow  rates  in-vivo  for  different  vascular  sites. 
(From  Reference  54,  with  permission). 


Fig  16.  Rates  of  fluid  administration  in  small  swine  at  100  cm  H20 
(gravity)  and  300  torr  (pressure)  through  a  13-gauge  (■ )  and  an 
18-gauge  (□)  catheter.  (From  Reference  55  with  permission). 


Time  after  Administration  (min) 


Fig  17.  Plasma  atropine  concentrations  (mean  ±  SE)  in  pigtail 
macaques  at  6  time  periods  after  3  different  routes  of  administra- 
tion of  0.03  mg/kg  atropine — intravenous  (•,  n  =  5),  intraosseous 
■  n  =  5)  and  endotracheal  (▲,  n  =  6).  (From  Reference  27,  with 
permission). 


Fig  15.  Rates  of  fluid  administration  in  large  swine  at  100  cm  H20 
(gravity)  and  300  torr  (pressure)  through  a  13-gauge  (■)  and  an 
18-gauge  (□)  catheter.  (From  Reference  55,  with  permission). 


Comparisons  of  Intraosseus  Infusions  to  Intravenous 
and  Tracheal  Drug  Administration 

The  focus  of  several  studies  has  been  the  comparison  of 
intraosseous,  intravenous,  and/or  intratracheal  drug  admin- 
istration.27 5(vW  Prete  et  al27  compared  plasma  atropine  con- 
centrations in  anesthetized  monkeys  via  intravenous,  en- 
dotracheal, and  intraosseous  administration.  The  same 
dose  (0.03  mg/kg)  was  used  in  each  case.  Although  initial 
plasma  levels  were  greater  with  intravenous  administra- 
tion, the  plasma  concentration  was  actually  greater  with 
the  intraosseous  route  than  the  intravenous  route  at  5  min- 
utes (Fig.  17).  The  prolonged  plasma  concentrations  with 
the  intraosseous  route  also  suggest  a  depot  effect. 

Several  studies  used  radioactive  isotopes  to  evaluate 
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peripheral  to  central  delivery  times  with  intravenous  and 
intraosseous  infusion.57,58  Generally,  there  was  little  differ- 
ence between  intraosseous  infusion  and  peripheral  venous 
infusion  with  regards  to  delivery  of  drug  to  the  central  cir- 
culation. Spivey  et  al59  compare  intraosseous,  central,  and 
peripheral  routes  of  sodium  bicarbonate  administration 
during  the  resuscitation  of  dogs.  They  found  that  pH 
changes  were  virtually  identical  with  both  central-venous 
and  intraosseous  infusions  of  bicarbonate  (Fig.  18). 


10  12  14  16  18  20  22  24  26  28  30 


Time  (min) 

Fig  18.  Effect  of  sodium  bicarbonate  on  pH  of  arterial  blood  with  4 
administration  sites — control  (•),  peripheral  (A),  central  (■),  in- 
traosseous (■_-).  Note  that  pH  is  similar  with  central  and  in- 
traosseous infusion.  (From  Reference  59,  with  permission). 


Recommendations 

Intraosseous  infusion  should  not  be  the  technique  of 
first  choice  for  emergency  drug  administration.  However, 
it  should  be  considered  in  children  <  5  years  of  age  if  vas- 
cular access  cannot  be  readily  established  and  if  the  equip- 
ment is  available  for  intraosseous  infusion.  The  medication 
dose  used  with  intraosseous  infusion  should  be  the  same  as 
that  used  with  intravenous  infusions.  Intraosseous  infu- 
sion can  be  used  with  adults,  but  only  after  other  routes  of 
drug  administration  (ie,  intratracheal,  central-vein)  have 
failed.  Intraossesous  infusion  can  be  used  for  continuous 
infusion,  which  makes  it  superior  to  tracheal  drug  instilla- 
tion. The  infusion  rate  can  be  increased  by  pressurizing  the 
drug  administration  set.  Paramedic  personnel  can  be  taught 
to  successfully  use  intraosseous  infusion.  The  intraosseous 
infusion  should  be  considered  short  term,  and  the  needle 
should  be  removed  as  soon  as  vascular  access  is  secured. 

Vascular  Access 

Vascular  access  for  the  administration  of  fluids  and 
medications  is  an  integral  part  of  successful  cardiopul- 


monary resuscitation.  Many  techniques  are  available  to 
achieve  this,  and  each  has  its  own  merits  and  limitations. 
Many  drugs  may  be  administered  intramuscularly  or  sub- 
cutaneously.  However,  absorption  with  these  methods  is 
often  erratic  and  is  dependent  on  the  blood  flow  to  these 
sites.60  In  cardiopulmonary  emergencies,  there  is  a  low- 
flow  state  that  leads  to  shunting  of  blood  from  skin  and 
muscle,  with  impaired  uptake  of  drugs  and  fluids  from 
these  sites,  resulting  in  inadequate  resuscitation.  Whether 
vascular  access  is  gained  peripherally  or  centrally,  proper 
technique  must  be  followed.  However,  central  venous  ac- 
cess should  be  limited  to  operators  who  have  been  trained 
in  the  technique  and  are  familiar  with  its  problems. 

AHA  Recommendations 

Administration  of  medications  is  secondary  to  other  in- 
terventions such  as  basic  CPR,  defibrillation,  and  airway 
maintenance  during  resuscitation.  If  no  vein  has  been  can- 
nulated  before  the  arrest,  a  peripheral  vein  is  the  first 
choice.  Peripheral  veins  commonly  used  for  vascular  ac- 
cess during  resuscitation  include  the  arm  veins  (dorsum  of 
hand,  antecubital,  and  cephalic),  leg  veins  (femoral  and 
saphenous),  and  external  jugular  veins.  Peripheral-vein 
cannulation  remains  the  vascular-access  procedure  of 
choice  during  cardiopulmonary  resuscitation  because  it  is 
safe,  fast,  and  easy  to  perform.61  Resuscitation  does  not 
need  to  be  interrupted  and  these  veins  are  easily  accessible. 
Peripheral-vein  cannulation  is  much  simpler  to  learn  than 
central-vein  catheterization  (particularly  by  nonphysicians) 
and  fewer  serious  complications  occur  with  this  method. 

Peripheral-Vein  Access 

The  most  common  sites  of  peripheral-venous  access 
are  the  arms  and  legs.  More  proximal  sites,  such  as  the  an- 
tecubital veins,  are  preferable  to  distal  sites  found  in  the 
hand.  A  large-bore  needle  ( 16-gauge  or  larger)  is  required 
for  adequate  drug  delivery  during  resuscitation.  Any  pe- 
ripherally administered  intravenous  drug  should  be  rapid- 
ly delivered  by  bolus  injection  and  followed  with  a  20-50 
niL  fluid  flush  to  ensure  adequate  delivery  of  the  drug  to 
the  central  circulation. 

The  principal  disadvantage  of  peripheral  venous  thera- 
py is  that  a  vein  may  be  difficult  to  locate  in  a  state  of  cir- 
culatory collapse.  Isotonic  solutions  are  tolerated,  but  hy- 
pertonic solutions  are  irritating  to  the  vascular  wall  and 
should  not  be  used.  The  risk  of  phlebitis  is  greater  when 
saphenous  veins  are  used.62  Pharmacokinetic  studies  sug- 
gest that  a  prolonged  interval  is  required  for  peripherally 
administered  drugs  to  reach  the  central  circulation.63-64 

Despite  its  location  in  the  neck,  the  external  jugular  vein 
is  considered  a  peripheral  site.  Rapid  entry  to  the  right  heart 
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is  achieved  via  this  vessel,  and  it  may  be  used  to  monitor  cen- 
tral-venous pressure.  In  the  cardiac-arrest  setting,  airway 
management  techniques  (ie.  head  tilt)  can  make  it  difficult  to 
cannulate  the  external  jugular  vein,  and  with  the  head  move- 
ment associated  with  endotracheal  intubation,  the  potential 
for  dislodgement  of  the  jugular- vein  catheter  is  increased. 

Central-Vein  Access 

The  central  veins  used  for  vascular  access  are  the 
femoral,  internal  jugular,  and  subclavian  veins.65  These  are 
used  when  peripheral  sites  are  not  available  or  when  cen- 
tral circulatory  access  is  needed  for  measurement  of  cen- 
tral venous  pressure,  right  heart  catheterization,  and 
transvenous  cardiac  pacing.  The  anatomic  location  of  the 
central  veins  is  predictable  and  permits  placement  of  large- 
bore  catheters.  The  greater  flow  through  these  vessels  per- 
mits infusion  of  hypertonic  solutions  that  would  irritate  pe- 
ripheral vessels.  In  a  state  of  cardiovascular  collapse,  rapid 
cannulation  may  be  achieved  by  placing  the  head  in  a  de- 
pendent (Trendelenburg's)  position.  For  central  venous 
cannulation,  visualization  of  veins  is  not  required  and 
hence  access  to  the  circulation  is  achieved  even  when  pe- 
ripheral sites  are  collapsed. 

Central  venous  cannulation  is  not  without  problems,  and 
clinician  skill  and  experience  is  vital  to  success. 
Resuscitation  usually  needs  to  be  interrupted  when  neck 
veins  are  used.  The  internal  jugular  and  subclavian  veins  lie 
close  to  their  counterpart  arteries,  the  apical  lung  pleura,  the 
bronchial/cervical  nerves,  lymphatic  duct  and  trachea. 
Consequently,  there  is  a  significant  risk  of  pneumothorax 
and  inadvertent  arterial  puncture.'*  When  the  femoral  vein 
is  cannulated,  a  long  catheter  that  extends  above  the  di- 
aphragm is  required  for  rapid  delivery  of  medications  and 
fluids  to  the  central  circulation.67  The  advantages  and  dis- 
advantages of  femoral  cannulation  are  listed  in  Table  4. 
Other  problems  associated  with  central  venous  cannulation 
include  hydrothorax,68  catheter  kinking  or  knotting,69  possi- 
ble shearing  of  the  vessel  with  guide  wire  manipulation, 
cardiac  tamponade,7"  and  arteriovenous  fistula.71 

Catheter  Types 

Catheter  insertion  can  be  achieved  using  1  of  3  types  of 
cannulae  (Fig.  1961).  Insertion  site  determines  the  length  of 
the  needle  and  cannula  required.  Shorter  catheters  are 
used  to  cannulate  peripheral  veins.  When  volume  expan- 
sion is  required,  the  highest  flow  is  achieved  with  a  short, 
large-gauge  catheter.72  The  length  of  the  catheter-over- 
needle  devices  makes  them  unsuitable  for  central-venous 
access.  The  insertion  of  catheter-over-guidewire,  or 
Seldinger  technique,  is  often  the  technique  of  choice  for 
central-venous-catheter  insertion.7' 


Table  4.      Advantages  and  Disadvantages  of  Femoral-Vein  Cannulation 

Advantages 

•  The  femoral  vein  does  not  collapse  like  peripheral  vessels. 

•  Easily  identifiable  landmarks  allow  proper  cannulation. 

•  CPR  is  not  interrupted  during  cannulation. 

•  The  catheter  may  allow  additional  therapeutic  interventions 
(ie.  triple-lumen  catheter). 

Disadvantages 

•  In  low-flow  states,  arterial  pulse  is  decreased  and  femoral  vein  may 
pulsate  leading  to  incorrect  cannulation — also,  arterial  blood  may 
look  like  venous  blood  (ie,  dark  color). 

•  Decreased  extremity  How  leads  to  prolonged  time  of  drug  entry 
into  central  compartment. 

•  A  long  catheter  that  extends  above  the  diaphragm  is  required  to 
ensure  adequate  central  compartment  entry. 

•  Femoral-vein  cannulation  poses  greater  risk  of  thrombosis  and 
infection  than  peripheral  sites. 

•  Phlebitis  may  extend  to  iliac  veins  and  the  inferior  vena  cava. 


Volume  Resuscitation 

Any  intravenous  site  provides  a  means  of  delivering 
fluids  to  the  patient  in  shock.  Estimates  of  fluid  volume  re- 
quirements are  based  on  blood  pressure,  pulse,  central-ve- 
nous pressure,  urine  output,  and  neurologic  function.  The 
preferred  solution  in  the  cardiac-arrest  setting  is  isotonic 
solutions — NS  or  Ringer's  lactate.74 

Isotonic  solutions  initially  distribute  only  into  the  extra- 
cellular fluid  compartment.  Water  accounts  for  60%  of 
body  weight — two  thirds  is  intracellular  fluid  and  one  third 
is  extracellular  fluid.  Of  the  extracellular  fluid,  75%  is  in- 
terstitial and  25%  is  intravascular.  Volume  distribution  is 
important  to  appreciate  because  hypotonic,  or  potentially 
hypotonic  fluids,  distribute  into  the  total  body  water  space. 
Hence,  hypotonic  (0.225%  NS)  or  potentially  hypotonic 
(dextrose  in  water.  DsW)  solutions  have  only  transient  ef- 
fects on  intravascular  volume.  Less  than  10%  of  the  vol- 
ume of  DsW  that  is  administered  remains  in  the  intravas- 
cular space  after  infusion.  Most  of  the  intravenously  ad- 
ministered isotonic  crystalloid  ultimately  migrates  to  the 
interstitial  space. 

During  resuscitation.  NS  is  preferred  unless  the  patient 
has  hyperchloremic  acidosis,  in  which  case  the  salt  load 
may  worsen  the  problem.75  In  renal  failure  and  hyper- 
kalemic  states,  the  potassium  in  Ringer's  lactate  may  be 
dangerous.  Although  the  lactate  in  Ringer's  lactate  does 
not  potentiate  systemic  lactic  acidosis,  its  metabolism  to 
bicarbonate  is  slowed  in  patients  who  are  in  shock  and 
those  with  liver  hypoperfusion. 

For  vascular  volume  expansion,  colloid  (eg.  albumin, 
dextran.  hctastarch)  is  superior  to  crystalloid.  Less  than 
2595  of  crystalloid  remains  in  the  intravascular  space  one 
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hour  after  administration,  whereas  infused  colloid  remains 
in  the  intravascular  space  for  many  hours.  Colloids  may 
produce  volume  expansion  greater  than  the  volume  in- 
fused. In  other  words,  4-5  times  more  crystalloid  than  col- 
loid is  required  to  replace  acute  blood  loss.  However,  col- 
loid is  expensive,  poses  an  allergic  risk,  and  is  difficult  to 
store  and  transport. lb 

For  hypotensive  patients  following  penetrating  trauma, 
it  has  been  a  common  practice  to  provide  prompt  intra- 
venous infusion  of  fluids  to  maintain  organ  perfusion  and 
vital  organ  function.77-78  The  concern  with  this  practice  is 
that  it  may  disrupt  the  formation  of  thrombi,  resulting  in 
increased  bleeding  and  decreased  survival.  A  recently  pub- 
lished prospective  study  of  598  hypotensive  adults  with 
penetrating  torso  injuries  found  that  delay  of  aggressive 
fluid  resuscitation  until  operative  intervention  resulted  in 
an  improved  outcome.78  However,  further  study  is  needed 
before  changes  in  current  recommendations  for  volume  re- 
suscitation are  adopted. 

Intracardiac  Drug  Administration 

AHA  Recommendations 

The  only  drug  administered  by  intracardiac  injection 
during  CPR  is  epinephrine.  The  AHA  recommends  that  in- 
tracardiac injection  only  be  used  during  open  cardiac  mas- 
sage or  when  other  routes  of  administration  are  unavailable. 

Technique 


Vj 


Catheter  in  place 


(4) 


Fig  19. (A)  Technique  for  insertion  of  catheter  over  needle.  (B) 
Technique  for  insertion  of  catheter  through  needle.  (C)  Technique 
for  insertion  of  catheter  over  guidewire.  (Seldinger  technique) 
(From  Reference  61 ,  with  permission). 


Intracardiac  injection  is  usually  done  by  puncturing  the 
left  fourth  intercostal  space  just  lateral  to  the  sternal  bor- 
der. The  second  through  sixth  intercostal  spaces  and  sub- 
xiphoid approach  have  also  been  utilized.  The  choice 
among  approaches  depends  on  the  administrator's  experi- 
ence and  complication  rate.  Regardless  of  the  mode  of 
entry,  the  right-ventricular  cavity  is  entered.78  The  left- 
ventricular  cavity  is  penetrated  usually  only  after  penetra- 
tion of  the  right  ventricle  or  interventricular  septum.74 
Brisk  filling  of  the  syringe  indicates  that  the  ventricular 
cavity  has  been  entered  and  that  therapy  may  be  delivered. 
The  close  proximity  of  vital  mediastinal  and  chest-wall 
structures  may  sometimes  result  in  their  inadvertent  lacer- 
ation. In  addition,  normal  anatomical  landmarks  may  be 
distorted  by  other  cardiopulmonary  and  chest-wall  disor- 
ders and  may  make  rapid  entry  difficult. 

The  right  ventricle  is  entered  more  often  than  the  left 
ventricle  because  the  former  chamber  occupies  a  greater 
portion  of  the  anterior  cardiac  outline.  Fluoroscopic  guid- 
ance results  in  left  ventricle  entry  approximately  50%  of 
the  time,  but  this  is  impractical  during  resuscitation. 
Injection  into  the  left  ventricle  gives  rapid  delivery  of  a 
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drug  to  the  coronary  circulation  without  passing  through 
the  pulmonary  vascular  circuit.  However,  whether  direct 
penetration  of  the  left  ventricle  leads  to  any  additional  ben- 
eficial effect  is  not  known. 

Complications 

Complications  of  intracardiac  injection  are  numerous, 
but  not  as  common  as  once  thought.1"'  Pneumothorax, 
hemopericardium,  coronary  artery  laceration,  and  cardiac 
tamponade  may  result. 8ls:  Intramyocardial  injection  may 
precipitate  cardiac  dysrhythmias.  The  right  ventricle  is  be- 
lieved to  have  a  decreased  capacity  to  self-seal  compared 
with  the  left  ventricle.  Although  concern  about  hemoperi- 
cardium remains,  this  notion  has  been  challenged  by  a  re- 
cent published  report.80 

We  presume  that  the  increased  intracoronary  drug  lev- 
els achieved  by  intracardiac  administration  may  improve 
the  outcome  of  resuscitation.  Although  with  intracardiac 
injection,  drugs  reach  the  central  circulation  in  a  more  pre- 
dictable manner,  use  of  this  technique  may  increase  my- 
ocardial ischemia  and,  in  the  cardiac-arrest  setting,  may 
lead  to  further  compromise.  In  addition,  intracardiac  injec- 
tion requires  interruption  of  CPR  during  chest-wall  entry, 
and  such  delays  (>  5  s)  may  be  deleterious.81  The  major 
disadvantage  of  intracardiac  injection,  according  to 
Davison  and  colleages,80  is  the  need  to  interrupt  CPR,  not 
the  risk  of  complications  as  was  once  believed. 

Recommendations 

Over  recent  years,  central-vein  cannulation  has  become 
safe  and  reliable  for  facilitating  drug  and  fluid  therapy  and 
assessing  the  need  for  fluid  therapy.  Central  veins  serve  as 
a  route  for  pulmonary  artery  catheterization  and  temporary 
pacemaker  electrode  placement  and  provide  an  avenue  to 
monitor  acid-base  status.  The  advantages  of  intracardiac 
injection  have  yet  to  be  proven.  There  have  been  no  clini- 
cal trials  to  compare  intracardiac  with  intravenous  therapy. 
Given  the  ease  of  administration  of  drugs  via  the  central 
circulation  or  endotracheal  tube  and  emerging  knowledge 
about  larger  doses  of  epinephrine,84  intracardiac  injection 
cannot  be  recommended  as  routine  practice  and  should  re- 
main as  a  procedure  of  last  resort. 

Role  of  the  Respiratory  Therapist 

The  respiratory  therapist  is  an  integral  part  of  the  resus- 
citation team.  The  specific  responsibilities  of  the  therapist 
vary,  however,  from  hospital  to  hospital.  It  is  commonly 
accepted  that  the  respiratory  therapist  has  primary  respon- 
sibility for  airway  maintenance  (including  intubation  in 
some  hospitals)  and  ventilation  (Table  5).  The  respiratory 


therapist  may  also  be  responsible  for  drawing  and  analyz- 
ing arterial  blood-gas  samples. 

Table  S.      The  Role  of  the  Respirator,  Therapist  during  In-Hospital 
Cardiopulmonary  Resuscitation 

Primary  responsibilities 

•  Airway 

•  Ventilation 

•  Blood  gases 

•  Instillation  of  endotracheal  drugs 

Secondary  responsibilites 

•  Peripheral-vein  catheter  insertion 

•  Vascular  drug  infusion 

•  Defibrillation  (may  become  a  primary  responsibility 
with  increased  use  of  automated  defibrillators) 

Unlikely  responsibilities 

•  Central-Line  insertion 

•  Intraosseous  needle  insertion 

•  Intracardiac  injection 

Because  of  their  responsibilities  related  to  airway  man- 
agement and  ventilation,  it  is  reasonable  to  expect  that  the 
respiratory  therapist  be  responsible  for  emergency  drug  ad- 
ministration by  endotracheal  instillation.  Drug  administra- 
tion via  the  airway  route  is  already  a  responsibility  of  the  res- 
piratory therapist,  who  commonly  administers  aerosolized 
medications  and  may  instill  drugs,  such  as  surfactant. 

In  some  hospitals,  respiratory  therapists  may  have  re- 
sponsibilities such  as  insertion  of  peripheral-vein  catheters 
and  vascular-drug  administration.  However,  this  requires 
the  presence  of  more  than  one  therapist  at  the  resuscitation 
(ie,  one  therapist  to  manage  the  airway  and  another  to 
manage  the  intravenous  line  and  drug  administration).  In 
reality,  however,  allowing  the  respiratory  therapist  to  deal 
with  airway  management,  ventilation,  and  blood  gases  and 
others  to  assume  responsibility  for  intravenous-drug  ad- 
ministration may  be  the  most  efficient  use  of  personnel 
during  resuscitations.  As  automated  defibrillators  become 
more  commonplace,  the  respiratory  therapist,  as  the  first 
responder  to  the  bedside  of  a  patient  in  cardiac  arrest,  may 
assume  responsibility  for  defibrillation. 

Some  nonphysician  personnel  (eg,  paramedics)  have 
been  taught  to  insert  central-vein  catheters,  insert  in- 
traosseous needles,  and  perform  intracardiac  injection,  but 
it  is  unlikely  that  respiratory  therapists  will  perform  these 
tasks  as  a  primary  job  responsibility.  However,  these  are 
not  complicated  techniques  and  are  within  the  scope  of 
training  and  knowledge  of  many  respiratory  therapists. 
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Hess  Discussion 

Pepe:  Dean,  you  obviously  did  a 
good  job  reviewing  everything,  and  I 
just  wanted  to  ask  whether  you  found 


any  studies  that  demonstrated  that  in- 
traosseous drug  administration 
changed  the  outcome? 

Hess:    I  did  find  a  lew  anecdotal  re- 


ports, as  was  the  ease  with  intratra- 
cheal drug  administration. 

I.  Valdes  MM.  Intraosseous  fluid  admin- 
istration in  emergencies.  Lancet 
1977;1:1235-1236. 
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2.  McNamara  RM.  Spivey  WH.  Unger 
HD.  Malone  DR.  Emergency  applica- 
tions of  intraosseous  infusion.  J  Emerg 
Med  1987;5:97-101. 


Pepe:  Do  you  know  of  any  that 
proved  a  change  in  outcome?  I  don't 
know  of  any  controlled  studies. 

Hess:  I  don't  either.  I'm  trying  to 
think  down  through  that  literature. 
Some  of  it  is  very  old  and  dates  way 
back  to  the  1940s.  It  tends  to  consist 
primarily  of  descriptions  of  technique 
and  is,  by  and  large,  anecdotal. 

Pepe:  Again,  I  don't  know  of  any 
such  work,  and  I'm  only  trying  to 
emphasize  that  we  need  to  study  it. 

Malinowski:  I  just  wanted  to  make 
a  comment  on  that.  I  think  from  my 
review  of  the  pediatric  literature, 
which  is  where  intraosseous  infu- 
sions are  used  most  often,  I  found  no 
controlled  studies  either,  but  there  is 
the  theoretical  potential  for  in- 
traosseous techniques  to  impact  out- 
come, and  I  agree,  we  need  to  study 
it.  It  is  difficult  to  establish  vascular 
access  in  infants  and  children  during 
resuscitation.  One  group  reported 
that  it  took  more  than  10  minutes  for 
the  most  experienced  person  to  es- 
tablish vascular  access,  and,  in 
many  cases,  they  were  never  suc- 
cessful.1 In  contrast  to  that,  one  of 
those  studies,  reported  only  in  ab- 
stract form,  showed  that  in- 
traosseous infusions  could  be  started 
within  a  minute  or  two.2  Intra- 
osseous access  is  recommended  in 
the  PALS  standards.3  So,  I  think  that 
outcome  might  be  influenced  by  this 
technique. 


1 .  Rosetti  J,  Thompson  B.  Aprahamian  C. 
Difficulty  and  delay  in  intravascular 
access  in  pediatric  arrest  (abstract). 
Ann  Emerg  Med  1984;13:406. 

2.  Seigler  R.  Tecklenburg  F.  Shealy  R. 
Prehospital  Intraosseous  infusion  by 
emergency  medical  services  personnel: 
a  prospective  study.  Pediatrics 
1989;84:172-177. 


3.  American  Heart  Association  and  The 
American  Academy  of  Pediatrics. 
Textbook  of  pediatric  advanced  life 
support.  Dallas  and  Elk  Grove  Village: 
1988:44. 


Pepe:  But  again,  faster  access  still 
doesn't  answer  the  question  as  to 
whether  it  changes  outcome.  It  does 
make  it  a  better  intervention  to  study, 
however. 

Durbin:  I'd  like  to  make  several 
comments.  First,  Joe  Redding  is  from 
Baltimore  City  Hospital,  not  from 
Johns  Hopkins,  where  he  and  Peter 
Safar  did  their  pioneering  work  on 
mouth-to-mouth  breathing.  They  rec- 
ognized a  good  deal  when  they  saw  it. 
Since  then,  BCH  has  been  purchased 
by  Hopkins  so,  the  history  of  CPR  is 
still  the  Baltimore  story,  if  you  will, 
rather  than  the  Hopkins  story.  Second, 
did  you  look  at  any  respiratory  thera- 
py techniques  for  administering  car- 
diac drugs,  such  as  inhalation  or  nebu- 
lization?  If  getting  the  drug  to  the  dis- 
tal airway  is  your  goal,  rather  than 
getting  it  into  the  trachea,  do  you 
think  these  techniques  have  any  theo- 
retical advantages? 

Hess:  I  don't  know  that  anybody  has 
looked  at  that.  I  would  think  that  the 
problem  is  that  it  would  take  too  long 
to  deliver  the  drug.  The  advantage  of 
a  bolus  administration  is  you  can 
squirt  a  bolus  of  drug  into  the  lung 
quickly.  With  the  typical  nebulizer, 
less  than  5%  of  the  drug  makes  it 
through  the  endotracheal  tube.1  Also, 
it  would  take  so  long,  I'm  afraid,  to 
deliver  an  adequate  amount  of 
epinephrine  to  the  patient;  I  think  it's 
unlikely  to  be  of  use.  But  I  don't 
know  that  anybody  has  looked  at  that. 

1 .  Maclntyre  NR,  Silver  RM,  Miller  CW, 
Schuler  F.  Coleman  RE.  Aerosol  deliv- 
ery in  intubated,  mechanically  ventilated 
patients.  Crit  Care  Med  1985;13:81-84. 

Kaye:  I  admire  your  list  of  proce- 
dures that  you  believe  RCPs  should 
be  allowed  to  perform,  but  don't  be 


too  conservative.  Go  for  it!  If  a  third- 
year  medical  student,  paramedic,  or 
physician  can  put  in  a  central  line  and 
a  situation  arises  in  which  a  respirato- 
ry care  practitioner  is  the  senior  per- 
son there,  he  or  she  should  be  al- 
lowed to  do  that,  too.  So  I  think  an 
RCP  should  be  taught  and  allowed  to 
do  anything  that  a  paramedic,  physi- 
cian's assistant,  medical  student,  crit- 
ical care  nurse,  or  even  a  doctor  may 
do,  given  the  proper  training. 

Hess:  I  agree  with  that.  Certainly, 
respiratory  therapists  are  familiar 
with  arterial  and  venous  access.  We 
draw  arterial  blood  gases.  I've  insert- 
ed arterial  lines  and  I.V.s  and  so 
forth.  The  problem  is,  though,  that  in 
a  cardiac  arrest  situation,  if  there's 
only  one  therapist  present,  I'd  rather 
have  the  therapist  doing  what  they're 
best  at  doing,  which  is  ventilation  and 
airway  management,  rather  than  have 
them  turn  that  over  to  a  less-skilled 
individual,  so  that  they  can  start  an 
I.V.  or  push  a  drug.  Now,  if  it's  a  sit- 
uation where  the  hospital  can  send 
more  than  one  therapist  to  the  code, 
that's  different.  But  I  can  tell  you  that 
it's  unlikely  that  there  are  going  to  be 
2  or  3  therapists  present  so  that  they 
can  manage  the  airway,  start  the  I.V., 
and  defibrillate  the  patient.  I  don't 
think  there's  any  reason  that  thera- 
pists could  not  do  those  things,  but  I 
think  the  available  manpower  often 
makes  it  unlikely.  Respiratory  thera- 
pists can,  and  should,  be  taught 
ACLS  skills.  I  think  that  therapists 
can  perform  any  function  at  a  cardiac 
arrest,  provided  they  have  been 
trained. 

Kaye:  Of  course  they  can. 
Remember,  this  is  the  time  to  make 
broad  recommendations,  not  to  be  too 
narrow.  There  may  be  only  one  thera- 
pist who  may  be  the  most  qualified 
person  to  put  in  an  I.V.  The  therapist 
may  have  to  ask  someone  else.  I've 
intubated;  please  ventilate  this  indi- 
vidual for  a  while,  and  let  me  put  the 
I.V.  in.  Don't  be  too  conservative. 
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Bishop:  Those  of  us  who  are  in  Seattle 
or  who  have  been  in  Seattle  know  that 
anytime  we're  talking  about  the  tra- 
chea, we  have  to  invoke  the  bronchial 
circulation.  I  think  one  of  the  prob- 
lems, as  you  pointed  out.  looking  at 
studies  not  done  during  cardiac  arrests 
versus  studies  done  during  arrests,  is 
that  uptake  is  probably  via  the 
bronchial  circulation;  and  bronchial 
circulation  undergoes  changes  under 
varying  conditions.  Studies  during  pul- 
monary artery  occlusion  demonstrate 
that  the  bronchial  circulation  drops  off 
to  almost  nothing  when  pulmonary 
flow  is  occluded.1  For  all  we  know,  the 
same  thing  may  happen  during  an  ar- 
rest, and  there  may  be  very  little 
bronchial  circulation,  so  I  think  it's  a 
very  different  circumstance. 


femoral  venous  access  is  usually 
quite  easy  to  secure  because  the 
femoral  vein  is  often  very  large  dur- 
ing arrest.  Access  can  be  gained  fair- 
ly quickly,  and  that  might  be  the  site 
that  we  should  be  training  people  to 
go  for  fairly  quickly. 

Hess:  That  issue  is  addressed  in  the 
paper. 

Kaye:  Be  careful  about  femoral  ve- 
nous access.  During  CPR  blood  flow 
below  the  diaphragms  is  poor.  What 
you  need  to  do  is  put  in  a  long 
catheter  that  extends  above  the  di- 
aphragms. If  you  do  angiography 
during  CPR,  blood  regurgitates 
through  the  tricuspid  valve  into  the 
inferior  vena  cava.1'2 


catheter  that  extends  above  the  di- 
aphragm is  required  for  rapid  deliv- 
ery of  fluids  and  medications  into  the 
central  circulation. 

Boudin:  I  just  wanted  to  make  sure 
that  the  point  you  made  about  intra- 
tracheal administration  of  drugs  was 
clear  as  it  directly  relates  to  the 
RCP's  role.  You  mentioned  that  di- 
rect instillation  of  drugs  via  the  endo- 
tracheal tube  was  better  than  via  a 
catheter  inserted  into  the  endotra- 
cheal tube.  However,  regarding  dilut- 
ed vs  undiluted  drug,  followed  by  a 
squirt  of  saline — the  latter  seems  as 
though  it  would  be  the  easier  and  less 
time-consuming  method.  Which  is 
better:  a  drug-saline  cocktail  or  a  shot 
of  drug  followed  by  a  saline  chaser? 


I.  Kowalski  TF.  Guidotti  S.  Deffebach 
M.  Bishop  MJ.  The  bronchial  circula- 
tion in  pulmonary  artery  occlusion  and 
reperfusion.  J  Appl  Physiol  1990;6S: 
125-129. 

Hess:  Your  point's  a  good  one.  I 
think  that  drug  uptake  from  the  lung 
with  intratracheal  administration  may 
be  via  the  bronchial  circulation  and 
not  through  the  pulmonary  circula- 
tion at  all. 

Bishop:  In  terms  of  all  the  various 
methods  of  access,  at  least  in  adults. 


1.  Niemann  JT.  Rosborough  JP. 
Hausknecht  M.  Garner  D.  Criley  JM. 
Pressure-synchronized  cineangiogra- 
phy during  experimental  cardiopul- 
monary resuscitation.  Circulation 
1981:64(5):985-991. 

2.  Niemann  JT,  Rosborough  JP.  Ung  S. 
Criley  JM.  Hemodynamic  effects  of  con- 
tinuous abdominal  binding  during  car- 
diac arrest  and  resuscitation.  Am  J 
Cardiol  1984;53(2):269-274. 

Hess:  And  again,  this  issue  has  been 
dealt  with  in  the  paper.  The  issue 
with  femoral-vein  access  is,  how  far 
should  the  catheter  extend?  A  long 


Hess:  Yes,  in  the  study  by  Mace1 — 
One  of  the  things  that  they  studied 
was  3  mL  instilled  down  the  endotra- 
cheal tube  followed  with  3  mL  nor- 
mal saline.  That  was  better  than  if 
they  just  squirted  the  drug  down  the 
endotracheal  tube.  But  it  was  not  as 
good  as  when  they  diluted  the  drug  to 
6  mL,  and  squirted  that  down  the  en- 
dotracheal tube  as  one  bolus. 

I.  Mace  SE.  Effect  of  technique  of  admin- 
istration on  plasma  lidocaine  levels. 
Ann  Emerg  Med  1986;15:552-556. 
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Introduction 

Cardiopulmonary  resuscitation  (CPR),  as  we  know  it, 
was  introduced  by  Jude,  Kouwenhoven,  and  Knickerbocker 
in  1960  for  victims  of  acute  insults  such  as  drowning,  elec- 
trical shock,  drug  reaction,  anesthetic  mishap,  heart  block, 
and  dysrhythmias  associated  with  acute  myocardial  infarc- 
tion. They  addressed  indications  and  contraindications  in 
this  way:1 

Not  all  dying  patients  should  have  cardiopulmonary 
resuscitation  attempted.  Some  evaluation  should  be 
made  before  proceeding.  The  cardiac  arrest  should 
be  sudden  and  unexpected.  The  patient  should  not  be 
in  the  terminal  stages  of  a  malignant  or  other  chronic 
disease,  and  there  should  be  some  possibility  of  a  re- 
turn to  a  functional  existence.  The  rigid  time  limit  of 
3  to  5  minutes  since  the  onset  of  arrest  of  cardiac 
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output  should  not  be  exceeded.  In  regard  to  the  latter 
when  there  is  a  genuine  question  of  the  duration  of 
arrest,  resuscitation  should  be  attempted. 


Unfortunately,  current  practice  often  appears  to  fail  to 
meet  such  criteria.  With  the  widespread  training  of  health 
care  providers  and  the  lay  public  and  the  development  of 
code  teams  and  arrest  protocols.  CPR  has  come  to  be  used 
for  virtually  anyone  found  in  a  pulseless  state,  unless  ex- 
plicit documentation  exists  that  the  patient  should  not  be 
resuscitated.  Yet,  survival  rates  have  not  improved  dramat- 
ically in  the  past  30  years.  Initial  success  with  resuscitation 
ranges  from  30  to  50%. 2~5  Although  survival  to  discharge 
has  been  reported  to  occur  in  as  many  as  29%  of  patients 
suffering  cardiac  arrest  and  undergoing  cardiopulmonary 
resuscitation  in  the  hospital,6  most  studies  report  less  en- 
couraging results,  with  survival  to  discharge  occurring  in 
about  15%  of  resuscitated  patients.-"479  Of  the  survivors, 
10-20%  have  evidence  of  moderate-to-severe  neurologic 
dysfunction.1011  Thus,  many  patients  undergo  cardiopul- 
monary resuscitation  that  results  in  an  expensive  prolonga- 
tion of  life  but  with  no  impact  on  the  ultimate  outcome. 

CPR  is  one  of  many  therapeutic  interventions  available 
to  the  health-care  provider  for  the  management  of  patients. 
Like  chemotherapy.  CPR  has  specific  indications,  and  sit- 
uations exist  in  which  utilization  of  the  modality  does  not 
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alter  outcome.  As  suggested  by  Brett.12  no  ethical  impera- 
tive requires  a  physician  to  perform  procedures  in  the  ab- 
sence of  at  least  the  likelihood  of  a  "modicum  of  benefit." 
CPR  can  be  a  useful  and  sometimes  lifesaving  therapeutic 
tool  that  should  be  applied,  judiciously  and  with  fore- 
thought, to  patients  who  have  a  reasonable  chance  of  re- 
sponding to  the  treatment. 

Although  acute  return  of  spontaneous  circulation 
(ROSC)  is  one  measure  of  outcome  resulting  from  effec- 
tive cardiopulmonary  resuscitation,  for  practical  and  eco- 
nomic reasons  immediate  success  of  the  resuscitative  ef- 
fort is  not  the  yardstick  by  which  we  should  measure  the 
effectiveness  of  CPR.  Rather,  the  patient's  survival  to  dis- 
charge in  a  neurologically  functional  state  is  a  more  ger- 
mane assessment  tool.  In  this  paper,  1  attempt  to  identify 
those  patients  who  are  more  likely  to  benefit  from  CPR  in 
the  event  of  a  cardiopulmonary  arrest  within  an  acute  care 
hospital  and  those  physiologic  and  demographic  variables 
that  correlate  with  functional  survival  to  discharge  from 
the  hospital.  In  addition,  I  discuss  the  variables  that  sug- 
gest the  futility  of  active  resuscitation  efforts. 

Confounding  Variables  Affecting 
Resuscitation  Success 

Underlying  Disease 

A  number  of  studies  have  suggested  that  certain  under- 
lying conditions  are  associated  with  poor  response  to  CPR 
(Table  1 ).  These  include  the  presence  of  end-stage  disease 
(eg,  congestive  heart  failure,  hepatic  failure),  acute  disease 
(eg,  pulmonary  embolism,  acute  myocardial  infarction), 
neurologic  disease  (eg,  cerebrovascular  accident,  muscular 
dystrophy),  and  acute  deterioration  (eg,  progressive  dysp- 
nea). Patients  with  cancer  are  not  likely  to  survive  to  dis- 

Tahle  I .      Diagnoses  and  Conditions  associated  with  <  5%  Survival  to 
Discharge  following  Cardiac  Arrest 


Diagnosis/Condition 


First  Author 


AIDS 

Dementia 

Pneumonia 

Sepsis 

Renal  failure 

Gastrointestinal  bleeding 

Homebound,  prehospital 

Age  >  70  years 


Peatfield2 

Bedell" 

Hershey" 

Schwenzer" 

Schwenzer" 

Bedell" 

Tat  let4 

Bedell" 

Peatfield2 

Bedell" 

lallet' 
Bonnin' ' 


charge.14  Castagna  et  al3  in  their  1974  review  of  1.063  ar- 
rests found  that  arrest  on  the  hospital  ward  is  associated 
with  a  survival  of  only  2.1%.  Pneumonia  has  also  been  as- 
sociated with  poor  response  to  resuscitative  efforts. s 
Although  sepsis  may  be  associated  with  a  reasonable  ini- 
tial response  (45%  success),  survival  to  discharge  is  un- 
likely (1.3%).4  Similarly,  cardiac  arrest  in  the  face  of  gas- 
trointestinal bleeding  is  associated  with  0%  survival  to  dis- 
charge.2 The  number  of  diagnoses  (ie,  comorbidities)  also 
appears  to  affect  response  in  that  patients  with  more  patho- 
logic diagnoses  are  less  likely  to  survive.1" 

A  number  of  metabolic  factors  can  influence  immediate 
response  to  resuscitative  efforts  and,  thus,  influence  out- 
come. Although  hypothermic  patients  may  be  difficult  to 
resuscitate  because  of  resistant  ventricular  dysrhythmias. 
hyperkalemia  with  reperfusion,  and  hemodynamic  instabil- 
ity, they  have  the  benefit  of  a  hypothermia-induced  de- 
crease in  metabolic  rate  and,  hence,  oxygen  consumption. 
Even  a  2-3°  C  decrease  in  body  temperature  provides  sub- 
stantial protection  against  ischemia  and  hypoxemia. IS 
Oxygen  consumption  decreases  5-8%  for  every  degree- 
centigrade  decline  in  core  temperature.16  On  the  other  hand, 
patients  with  high  metabolic  rates  become  hypoxic  more 
quickly  and  are  more  likely  to  have  a  significant  deficiency 
of  oxygen  delivery  even  in  the  face  of  effective  CPR. 
Fever,  catecholamine  release,  and  seizures  all  increase 
cerebral  oxygen  consumption  and  decrease  the  amount  of 
time  available  before  the  protective  cerebral  penumbra  is 
exceeded  and  neuronal  integrity  is  jeopardized.17 

Underlying  disease  influences  clinical  decisions  regard- 
ing the  administration  and  continuation  of  CPR  (Table  2)."' 
Patients  in  arrest  for  whom  no  CPR  intervention  is  provided 
often  have  diagnoses  such  as  neoplastic  disease,  stroke.  in- 


Table  2.      Selective  Application  of  CPR  by  Disease  Category  and 
Associated  Survival  to  Discharge* 


Number  %  CPR      %  Discharged  Alive 


All  Eventst 

1.756 

MMP 

614 

Acute  disease! 

342 

Procedure-related 

61 

Congenital  disease 

136 

Neoplasm 

173 

Neoplasm  +  metastases 

234 

Trauma 

108 

Burn 

25 

AIDS 

22 

Dementia 

41 

*  Adapted  from  Reference  l().  with  permission 
tEvcnt  =  patient  who  received  in-hospitfll  CPR 

CPR.  MMP  =  multiple  medical  problems 
(Acute  disease  category  does  not  include  traurr 


33.9 

23.1 

43.9 

27.3 

100.0 

26.2 

30.9 

50.0 

22.0 

10.5 

6.4 

20.0 

16.7 

11.1 

52.0 

23.1 

13.6 

0.0 

4.9 

0.0 

or  who  die 

J  in  the  hospil 
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tracranial  hemorrhage,  or  dementia.  When  CPR  is  adminis- 
tered to  patients  with  AIDS,  dementia,  or  multiple  trauma, 
the  likelihood  of  survival  to  discharge  is  significantly  less 
than  it  is  for  patients  who  arrest  as  a  result  acute  disease, 
procedure-related  complications,  or  anesthetic  mishaps. ln 

Patient's  Age 

The  effect  of  age  on  outcome  from  CPR  after  cardiac 
arrest  is  not  clear.  Some  studies  suggest  that  age  is  inverse- 
ly correlated  with  survival  to  discharge.41018  Taffet  et  al4 
found  that  resuscitative  efforts  in  patients  aged  70  years  or 
older  resulted  in  a  0%  survival  rate  compared  to  16%  in 
patients  younger  than  70  years  of  age.  Conversely, 
Juchems  et  al19  found  that  survival  for  out-of-hospital  ar- 
rests was  not  significantly  affected  by  age  but  that  survival 
to  discharge  after  in-hospital  arrest  was  significantly  poor- 
er in  patients  older  than  70  years  of  age  compared  to  those 
younger  than  70  years  (Fig.  1 ).  Although  not  statistically 
significant,  a  trend  is  seen  in  some  studies  toward  de- 
creased survival  in  patients  older  than  70  years  of  age.20 
The  Office  of  Technology  Assessment,  in  its  review  of 
CPR  in  the  elderly,21  has  suggested 

Elderly  patients  as  a  group  have  somewhat  poor- 
er outcomes  than  younger  patients  but  the  poorer 
outcomes  in  elderly  patients  reflect  the  higher 
prevalence  of  multiple  diseases  in  these  patients. 
Although  the  likelihood  of  multiple  diseases  in- 
creases with  age,  any  particular  older  individual 
may  not  be  affected. 


preferences.  It  is  unfortunate  that  all  too  often  patients  are 
not  offered  a  choice  as  to  how  they  are  to  be  managed  in 
the  event  of  a  cardiopulmonary  arrest.  Although  advanced 
directives  have  made  some  inroads,  in  my  experience,  pa- 
tients are  rarely  offered  informed  consent  for  CPR  if  and 
when  they  are  asked  about  their  wishes.  Because  CPR  is  an 
expensive  intervention  with  limited  success  and  a  very  real 
risk  of  survival  with  neurologic  damage,  patients  should  be 
allowed  to  make  educated  decisions.  Thus,  patients  who 
have  serious  medical  problems  with  poor  prognosis  and, 
particularly,  those  who  are  at  risk  of  poor  outcome  from 
CPR  should  be  offered  the  opportunity  to  refuse  resuscita- 
tion should  it  become  necessary  (ie,  'informed  consent'), 
at  the  earliest  possible  time  after  admission  to  the  hospital. 

Physiologic  Variables  Affecting  Successful 
Resuscitation 

Time  to  Initiation  of  CPR 

The  longer  the  interval  between  cardiac  arrest  and  the  ini- 
tiation of  effective  CPR,  the  poorer  the  outcome  (Fig.  223). 
Due  to  the  widespread  teaching  of  basic  life  support,  it  is  not 
surprising  that  patients  experiencing  witnessed  arrests  have  a 
better  initial  survival  rate  (47.7%)  than  those  experiencing 
nonwitnessed  arrests  (29.9%,  p  <  0.001  ).4  Of  the  witnessed 
arrests  in  Taffet  et  al's  study,4  82%  of  those  who  survived 
initial  resuscitation  were  discharged  from  the  hospital  alive 
(p  <  0.05).  Stults  and  colleagues24  found  that  if  the  time  from 
observed  collapse  to  the  time  of  first  defibrillation  was  less 


Schwenzer  and  colleagues10  from  my  institution  found 
that  patients  70  years  of  age  or  older  were  less  likely  to  be 
given  CPR  than  those  younger  than  70  years  (23.4%  vs 
35.3%,  p  <  0.0001 ),  but  that  when  CPR  was  administered, 
survival  to  discharge  was  not  significantly  less  in  the  older 
group  (21.9%  vs  26.2%,  p  =  0.34).  Of  note,  however,  only 
11.1%  of  patients  80  years  of  age  or  older  received  CPR. 
with  a  survival  to  discharge  of  8.7%.'"  In  administering 
CPR  to  the  elderly,  one  must  keep  in  mind  the  high  risk  of 
rib  and  sternal  fractures.  A  flailed  chest  or  flailed  sternum 
in  an  elderly  patient  with  limited  pulmonary  reserve  car- 
ries a  high  mortality.  In  one  study,22  elderly  patients  who 
received  mechanical  ventilation  for  3  or  more  days  for  res- 
piratory failure  had  a  67%  in-hospital  mortality.  Of  the 
survivors,  the  1-year  survival  was  16%,  and  the  3-year  sur- 
vival was  only  9%. 

Patient's  Right  of  Self-Determination 

Patients  have  the  right  of  self-determination.  In  so  far  as 
is  possible,  the  medical  community  should  honor  patient 


CPR 


Fig.1.  Survival  rates  by  age  in  patients  experiencing  in-hospital 
and  out-of-hospital  arrest.  ^  =  <  70  years;  en  =  >  70  years. 
(Adapted  from  Reference  19,  with  permission.) 
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1-3  4-6  7-10  >10 

Minutes 

(Arrest  to  Defibrillation) 

Fig.  2.  Survival  rate  as  a  function  of  time  from  arrest  to  defibrilla- 
tion: the  greater  the  time,  the  lower  the  survival.  (Adapted  from 
Reference  23,  with  permission.) 


than  6  minutes,  then  survival  to  discharge  was  28%.  On  the 
other  hand,  if  this  interval  was  longer  than  6  minutes,  sur- 
vival was  less  than  5%.24  This  suggests  that,  due  to  the  ex- 
tremely poor  outcome  in  patients  in  whom  the  delay  between 
arrest  and  defibrillation  is  prolonged  and  well-documented 
(particularly  if  bystander  CPR  was  not  administered),  the  res- 
cuer should  consider  limiting  the  duration  of  the  resuscitative 
effort  unless  the  victim  shows  a  rapid  response  to  therapy. 

In-hospital  survival  rates  also  depend  on  the  location  of 
the  arrest.  Hershey  and  Fisher14  found  that  survival  to  dis- 
charge occurred  in  only  3%  of  patients  who  arrested  on  the 
wards,  whereas  16%  of  ICU  patients  and  21%  of  patients 
resuscitated  in  the  emergency  department  survived  to  dis- 
charge. This  is  likely  due  to  several  factors  including  the 
increased  likelihood  of  an  observed  arrest  in  the  emergen- 
cy department  and  intensive  care  unit  and  the  higher  level 
of  monitoring  employed  in  these  locations.  Therefore,  the 
interval  between  arrest  and  initiation  of  resuscitative  ef- 
forts is  likely  to  be  somewhat  shorter  in  these  settings  com- 
pared to  the  wards.  In  addition,  outcome  is  likely  to  be  af- 
fected by  the  greater  resuscitation  experience  of  nursing 
personnel  working  in  the  acute  care  setting.  Differences  in 
diagnoses  and  etiologies  of  arrest  may  also  contribute  to 
these  discrepancies.  For  example,  patients  who  arrest  in 
the  midst  of  acute  respiratory  or  metabolic  deterioration 
have  a  9795  mortality.14 

With  cessation  of  blood  fiow,  loss  of  consciousness  oc- 
curs within  10  seconds — evidence  of  the  brain's  limited 
energy  stores.1''  Electrical  activity  ceases  when  the  cere- 


bral blood  flow  decreases  to  less  <  15  mL-mirr'TOO  g-1. 
As  the  blood  flow  diminishes  further,  cellular  integrity  is 
lost.  Potassium  leaks  out  of  the  cells,  and  calcium  accumu- 
lates within  them.  The  increased  calcium  uncouples  oxida- 
tive phosphorylation  and  activates  membrane  phospholi- 
pases.  Phospholipases  dissolve  cell  membranes  releasing 
fatty  acids  that  are  metabolized  to  leukotrienes,  thrombox- 
anes, and  free  radicals.  With  reperfusion,  the  increased  cal- 
cium causes  constriction  of  the  precapillary  sphincters. 
Cellular  edema  also  forms  in  response  to  the  accumulation 
of  toxic  metabolites  and  loss  of  membrane  integrity. 
Neurologic  outcome  declines  sharply  if  adequate  perfusion 
is  not  established  within  5  to  6  minutes  of  arrest.  The  neu- 
rologic complications  following  cardiac  arrest  include  im- 
paired memory,  deficits  in  higher  intellectual  function, 
myoclonus,  seizures,  cortical  blindness,  spinal  stroke,  a 
persistent  vegetative  state,  and  brain  death.  Thus,  if  ade- 
quate perfusion  is  not  established  within  the  first  6  min- 
utes, the  rescuers  should  begin  to  re-evaluate  the  appropri- 
ateness of  continuing  the  effort.  Certainly,  if  there  is  good 
documentation  that  adequate  perfusion  has  not  been  gener- 
ated within  10  minutes,  serious  consideration  should  be 
given  to  discontinuation  of  resuscitation,  particularly  in 
patients  who  have  other  predisposing  factors  that  increase 
their  risk  of  neurologic  deficits,  such  as  advanced  age  and 
cerebrovascular  disease  that  would  limit  flow  even  in  the 
face  of  adequate  CPR.  Bonnin  and  colleagues11  found  that 
all  survivors  of  out-of-hospital  arrests  had  ROSC  within 
25  minutes  of  arrest.  Further,  they  found  that,  with  the  ex- 
ception of  ventricular  fibrillation  or  tachycardia,  failure  to 
achieve  ROSC  for  at  least  5  minutes,  at  the  scene,  was  con- 
sistent with  a  100%  mortality. 

Effectiveness  of  Ventilation 

The  need  for  endotracheal  intubation  may  be,  in  and  of 
itself,  of  prognostic  value.  Bedell  and  co-workerss  found 
that  patients  who  required  intubation  at  the  time  of  arrest 
had  a  9 1  %  mortality  compared  to  those  who  did  not  require 
intubation  (mortality  51%).  This  suggests  that  patients  who 
respond  readily  to  resuscitative  efforts  and/or  are  readily 
oxygenated  without  invasion  of  the  trachea  have  a  better 
prognosis.  These  results  are  not  likely  to  indicate  that  the 
procedure  of  securing  the  airway,  in  and  of  itself,  is  a  lethal 
intervention.  However,  detection  of  esophageal  placement 
of  the  endotracheal  tube  can  be  difficult  even  by  experi- 
enced personnel  and  in  the  controlled  setting  of  the  operat- 
ing suite.2'1  The  arrest  situation  is  further  complicated  by 
higher  levels  of  ambient  noise  and  activity,  diminished 
breath  sounds,  and  excessive  rhonchi  due  to  aspiration  or 
secretions  that  may  make  auscultatory  evaluation  of  tube 
placement  nearly  impossible.  Unrecognized  esophageal  in- 
tubation has  disastrous  implications  and  may  account  for  a 
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small  number  of  failed  resuscitations  but  is  not  likely  to  ac- 
count for  the  high  mortality  found  by  Bedell  et  al.8 

Many  of  the  clinical  indicators  of  appropriate  endotra- 
cheal intubation  may  be  absent  or  difficult  to  interpret  dur- 
ing CPR.  Capnography  can  be  a  useful  confirmatory  tool 
in  the  controlled  setting  of  the  operating  room  or  intensive 
care  unit.  During  the  arrest  situation,  however,  its  useful- 
ness may  be  limited. 

As  noted  earlier,  many  of  the  clinical  indicators  of  appro- 
priate endotracheal  tube  position  may  be  absent  or  difficult 
to  interpret  during  CPR.  Capnography  can  be  useful  in  rec- 
ognizing esophageal  intubation.  Air  in  the  esophagus  has  a 
very  low  CO2  concentration.  The  amount  of  CO2  expired 
depends  on  a  number  of  factors  including  metabolic  status, 
cardiovascular  function,  and  ventilation.  As  metabolic  rate 
increases,  at  a  fixed  minute  ventilation,  end-tidal  Pco? 
(Petco;)  increases.  This  can  be  seen,  for  example,  with 
fever,  malignant  neuroleptic  syndrome,  and  malignant  hy- 
perthermia. If  cardiovascular  function  is  inadequate  such 
that  pulmonary  perfusion  is  impaired,  then  less  CO:  is  deliv- 
ered to  the  lung  vasculature  to  be  excreted  into  the  alveoli 
and  subsequently  expired.  Patients  in  shock  or  with  pul- 
monary embolism  manifest  Petco?  measurements  that  can 
be  substantially  less  than  arterial  values.  Similarly,  if  effec- 
tive cardiac  function  ceases,  as  in  the  case  of  a  cardiac  ar- 
rest, exhaled  CO2  decreases  dramatically.27  Exhaled  CO2 
may  also  be  falsely  low  compared  to  the  CO2  in  the  blood  of 
patients  with  increased  shunts  as  the  pulmonary  blood  flow 
bypasses  the  perialveolar  capillaries  and  fails  to  diffuse  into 
the  alveoli. 

Effectiveness  of  Cardiac  Massage 

The  perfusion  pressure  generated  by  standard  chest 
compression  is  usually  less  than  40%  of  normal  values.  A 
coronary  perfusion  gradient  (diastolic  aortic  pressure 
minus  right  atrial  pressure)  of  15  to  18  mm  Hg  or  more  is 
usually  associated  with  successful  resuscitation.2830 Thus, 
cardiac  massage  technique  can  significantly  affect  out- 
come. Compression  applied  over  the  lower  one  third  of  the 
sternum  provides  higher  systolic  pressures  than  more 
cephalad  compression.  The  depth  of  compression,  the 
force  applied,  and  the  rate  of  compression  also  impact  on 
perfusion  pressures.31-32  Thus,  rescuers  should  attempt  to 
use  higher  rates  when  performing  CPR  because  the  higher 
perfusion  pressures  achieved  are  more  likely  to  lead  to 
more  adequate  coronary  pressures  and  a  higher  likelihood 
ofROSC. 

Although  chest  compression  can  provide  an  arterial 
systolic  pressure  that  is  within  the  normal  range,  the  dias- 
tolic pressure  is  usually  much  lower  than  normal. 
Palpation  of  a  carotid  artery  pulse,  the  previous  measure  of 
effective  CPR,  correlates  poorly  with  coronary  or  cerebral 


perfusion  pressures  due  to  the  lower  mean  pressure  im- 
posed by  a  depressed  diastolic  pressure.  However,  it  has 
been  suggested  that  the  massive  sympathetic  stimulation 
associated  with  cardiac  arrest  and  the  administration  of 
sympathomimetic  drugs  causes  vasoconstriction  of  many 
nonessential  vascular  beds  and  may  give  preferential  per- 
fusion to  the  coronary  and  cerebral  vasculature.33-34 

A  number  of  modifications  have  been  applied  to  the  re- 
suscitative  protocol  in  an  attempt  to  improve  cardiac  out- 
put and,  consequently,  coronary  and  cerebral  perfusion. 
High-impulse  CPR  (rate  =  120  compressions/min)  causes 
a  significant  increase  in  systolic  blood  pressure  (80  ±  39 
mm  Hg)  compared  to  61  ±29  mm  Hg  for  conventional 
CPR,  (p  <0.01)  and  diastolic  pressure  (19  ±  13  mm  Hg  vs 
13  ±10  mm  Hg,  respectively,  p  <  0.005).  Similarly,  coro- 
nary perfusion  gradient  increases  from  9  ±  1 1  mm  Hg  to  14 
±  15  mm  Hg  (p  <  0.005)  when  the  rate  of  compressions  is 
increased  from  60  to  120/min.31  Acute  volume  loading  has 
also  been  used  in  an  attempt  to  improve  perfusion  pres- 
sures during  resuscitation.  In  the  hypovolemic  or  hemor- 
rhaging patient  this  is  clinically  indicated.  The  effects  on 
euvolemic  patients,  on  the  other  hand,  are  not  well  studied. 
In  one  study  of  induced  ventricular  fibrillation  in  other- 
wise healthy  swine,  Jameson  and  colleagues35  found  that 
early  volume  expansion  with  hypertonic  saline  and  dextran 
did  not  improve  coronary  perfusion  pressure,  rate  of 
ROSC  or  rate  of  short-term  survival. 

Simultaneous  inflation  of  the  lungs  and  compres- 
sion of  the  chest  has  shown  conflicting  results.  Rudikoff  et 
al36  found  that  this  technique  causes  a  doubling  of  aortic  sys- 
tolic pressure  and  a  threefold  increase  in  carotid  blood  flow. 
Similar  results  are  found  when  the  intrathoracic  pressure  is 
increased  through  tight  abdominal  binding  to  limit  paradox- 
ical movement  of  the  diaphragm.  Here  the  carotid  blood 
flow  doubled.  However,  Martin  et  al37  reported  that  simulta- 
neous ventilation  and  compression  worsened  coronary  per- 
fusion gradient  with  lethal  results  in  all  patients  in  this  small 
study.  Other  studies  have  also  shown  a  higher  mortality  rate 
in  the  simultaneous  ventilation  and  compression  group  com- 
pared to  standard  CPR.38  Application  of  CPR  via  pneumatic 
vest  generates  pressures  similar  to  conventional  CPR. 
Simultaneous  ventilation  with  the  vest  causes  a  significant 
increase  in  aortic  systolic  pressure  but  causes  a  dramatic  de- 
crease in  coronary  perfusion  gradients.31 

Interposed  abdominal  compressions  (a  method  of  man- 
ual abdominal  compression  administered  during  the  re- 
lease phase  of  chest  compression,  added  to  conventional 
CPR)  have  been  shown  to  improve  multiple  hemodynam- 
ic parameters  compared  to  conventional  CPR  alone.  These 
include  systolic  pressure  (35%),  diastolic  pressure  (100%), 
cardiac  output  (100%),  and  oxygen  delivery  (50%). 39 
Petco:  nas  also  Deen  used  to  compare  the  efficacy  of  these 
techniques.  Patients  receiving  interposed  compressions 
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had  values  that  were  78%  higher  than  those  achieved  dur- 
ing conventional  CPR  (17.1  torr  vs  9.6  torr).  In  addition, 
the  return  of  spontaneous  circulation  occurred  5  times 
more  often  in  the  combination  group.40 

A  number  of  investigators  have  studied  the  use  of 
capnography  as  a  measure  of  the  adequacy  of  chest  com- 
pressions and  survival  prediction.  When  chest  compres- 
sions are  inadequate  in  depth  or  frequency.  Petco:  decreas- 
es. As  the  rescuer  providing  cardiac  massage  fatigues,  it  has 
been  shown  that  Petco;  diminishes.41  On  the  other  hand,  a 
rapid  rise  in  Petco:  is  seen  when  an  effective  cardiac  rhythm 
is  re-established.  This  is  often  associated  with  an  'over- 
shoot' phenomenon  that  returns  to  baseline  within  5  min- 
utes.27 Patients  who  were  unsuccessfully  resuscitated  main- 
tained a  plateau  Petco,  value  of  0.7  ±  0.4%  whereas  those 
who  were  resuscitated  had  values  of  1 .3  ±  0.5%  during  CPR 
and  stabilized  at  2.4  ±  1.8%  within  minutes  of  the  return  of 
a  spontaneous  rhythm.  Other  studies  have  confirmed  that  a 
Petco:  of  2%  or  more  is  associated  with  successful  resusci- 
tation in  at  least  50%  of  patients.  Values  less  than  2%  have 
nearly  a  100%  mortality.42  Interpretation  of  Petco:  may  be 
difficult  in  the  clinical  setting,  however.  As  noted  earlier, 
esophageal  intubation  may  provide  (at  least  temporarily)  a 
misleadingly  low  value.  Administration  of  NaHCOj  causes 
an  acute  increase,  and  alpha  adrenergic  agents  a  decrease  in 
Petco:  values.43  Based  on  this  information.  Pet^o:  cannot  be 
used  as  the  sole  criterion  for  stopping  CPR. 

Other  techniques  including  use  of  an  active  compres- 
sion-decompression device444"1  and  portable  extracorporeal 
pump  oxygenation  (ECPO)4M7  are  in  the  early  stages  of 
evaluation.  Whereas  active  compression-decompression 
appears  to  offer  significant  promise  of  augmenting  hemo- 
dynamic response  to  CPR  and  facilitating  successful  resus- 
citation, ECPO  has  been  studied  less  and  with  conflicting 
results.  Additional  clinical  experience  is  needed  to  deter- 
mine the  short-and  long-term  implications  of  these  newer 
modalities. 

Duration  of  CPR 

Duration  of  CPR  also  impacts  on  survival.  Inadequate 
myocardial  perfusion  causes  a  rapid  decrease  in  myocar- 
dial compliance,  thereby  limiting  cardiac  filling  and  subse- 
quent forward  flow.  In  addition,  progressive  chest  defor- 
mation and,  in  particular,  a  flailed  chest  and/or  flailed  ster- 
num disrupt  the  elastic  recoil  of  the  thoracic  wall.  This,  in 
turn,  decreases  venous  return.  In  addition,  with  progressive 
acidemia,  venous  capacitance  increases,  further  retarding 
venous  return.  Bedell  and  co-workers*  report  that  patients 
who  received  CPR  for  longer  than  30  minutes  without  the 
return  of  spontaneous  cardiac  function  were  not  resuscitat- 
ed. 95%  of  those  patients  who  required  resuscitation  for 
more  than  1 5  minutes  died.  Conversely,  only  44%'  of  those 


who  developed  a  normal  cardiac  rhythm  and  effective  per- 
fusion within  15  minutes  died.  Of  patients  with  active  pre- 
morbid lifestyles  who  were  resuscitated  within  15  minutes, 
mortality  was  only  17%.  Taffet  et  al4  compared  the  dura- 
tion of  CPR  in  survivors  to  nonsurvivors  (Table  3). 

Table  3:      Outcome  from  CPR:  Duration  and  Number  of  Medication 
Doses* 


Live  Discharge 

Death 

p  value 

Duration  of  CPR  (minutes)                13.6 
Doses  of  medication  (number)           3.33 

22.4 
7.43 

<().()1 
<  0.01 

♦Adapted  from  Reference  4.  with  permission. 

Medications  Administered 

One  of  the  primary  determinants  of  successful  CPR  is 
the  rapid  establishment  of  adequate  coronary  perfusion 
pressures  to  maintain  myocardial  viability.  Drugs  that  in- 
crease mean  arterial  blood  pressure  also  increase  coronary 
perfusion  (Fig.  314).  Hence,  use  of  alpha  adrenergic  medica- 
tions such  as  epinephrine,  norepinephrine,  phenylephrine, 
or  methoxamine  (a  pure  alpha- 1  agonist)  has  been  advocat- 
ed.4S  Although  epinephrine  is  routinely  used,  the  ideal  dose 
has  been  debated.  Animal  studies  show  greater  increases  in 
cerebral  blood  flow  in  swine  receiving  high-dose 
epinephrine  (0.2  mg/kg)  compared  to  those  receiving  low- 
dose  epinephrine  (0.02  mg/kg)  or  methoxamine  (10 


«  E 


10  20  30  40  50  60 

Minutes  after  Precordial  Compression 

Figure  3.  Effect  of  epinephrine  on  myocardial  perfusion.  Cardiac 
massage  was  initiated  at  Time  0,  10  minutes  after  arrest.  Dogs 
who  received  epinephrine  showed  markedly  higher  myocardial 
perfusion  up  to  20  minutes  after  initiation  of  resuscitation  than  did 
dogs  not  receiving  epinephrine  ♦  (p  <  0.005)  (Adapted  from 
Reference  34,  with  permission.) 
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mg/kg).4"  However,  a  subsequent  study  by  Berg  and  col- 
leagues,™ found  equally  successful  resuscitation  with  low- 
and  high-dose  epinephrine  in  swine.  Of  note,  the  high-dose 
animals  had  greater  problems  with  severe  hypertension  (di- 
astolic pressure  >  120  mm  Hg)  and  tachycardia  (heart  rate  > 
250  beats/min)  as  well  as  a  higher  early  mortality  compared 
to  the  low-dose  group  (28%  vs  0%).  In  humans  who  experi- 
enced prehospital  arrest,  high-dose  epinephrine  (15  mg) 
and  norepinephrine  ( 1 1  mg)  were  compared  to  standard- 
dose  epinephrine  ( 1  mg).  Almost  twice  as  many  patients  re- 
ceiving high-dose  epinephrine  regained  a  pulse  than  did  the 
low-dose  epinephrine  group.  The  norepinephrine  patients 
tended  to  be  more  likely  to  have  return  of  a  palpable  pulse 
than  the  low-dose  epinephrine  patients,  but  less  than  the 
high-dose  epinephrine  group.  This  probably  reflects  the  in- 
creased oxygen  extraction  associated  with  the  administra- 
tion of  norepinephrine,  which  counteracts  the  effect  of  the 
coincident  increased  oxygen  delivery.51  Unfortunately,  no 
significant  difference  was  seen  between  the  groups  with  re- 
gard to  survival  to  discharge  from  the  hospital.  Survival 
rates  in  all  groups  were  low  ( 1.2-2. 6%).52 

Although  calcium  chloride  has  been  used  for  the  treat- 
ment of  asystole  and  electromechanical  dissociation 
(EMD),  results  do  not  conclusively  show  a  positive  effect 
on  outcome.  High  levels  of  ionized  calcium  (4.3  mmol/L) 
can  cause  cerebral  vasospasm.53  In  addition,  high  extracel- 
lular calcium  concentrations  can  promote  myocardial  cell 
damage  upon  reperfusion.54 

The  number  of  doses  of  medication  administered  also 
has  prognostic  significance  (Table  3).  Fewer  doses  prior  to 
ROSC  suggest  the  presence  of  a  cardiac  rhythm  that  re- 
sponds more  readily  to  treatment  or  an  arrest  due  to  prob- 
lems that  are  easily  corrected.  Although  there  is  a  trend  to- 
ward worse  survival  rates  with  higher  numbers  of  doses,4  it 
is  impossible  to  set  a  threshold  for  the  number  of  doses  of 
medication  that  would  equate  with  a  0%  survival. 

Rhythm 

Initial  documented  rhythms  at  the  time  of  cardiac  arrest 
include  ventricular  fibrillation,  asystole,  idioventricular 
rhythm,  EMD,  and  ventricular  tachycardia. (Table  455). 
Response  to  resuscitation  depends  in  part  on  the  nature  of 
the  dysrhythmia.  Eisenberg  and  colleagues56  found  better 
outcomes  when  patients  were  found  to  have  ventricular 
tachycardia  or  ventricular  fibrillation  rather  than  asystole, 
EMD,  or  idioventricular  rhythm.  This  may  be  due  to  the 
availability  of  better  treatment  options  for  the  former 
rhythm  disturbances  or  the  presence  of  more  ominous  dis- 
ease for  the  latter.  The  acute  diagnosis  of  the  etiology  of 
rhythms  such  as  EMD  may  be  difficult.  Further,  sufficient- 
ly rapid  treatment  of  massive  pulmonary  embolism,  pro- 
found anemia,  and/or  hypovolemia,  for  example,  may  not 


be  accomplished  within  the  limited  time  frame  imposed  by 
finite  neurologic  or  myocardial  energy  stores. 


Table  4.      Incidence  and  Outcome  according  to  Initial  Dysrhythmias  for 
Out-of-Hospital  Arrests* 


Rhythm 

n 

Incidence 

Survival  to 

(%) 

Discharge  (%) 

Ventricular  fibrillation 

1,238 

58 

31 

Ventricular  tachycardia 

50 

2 

46 

Asystole 

576 

27 

2 

Idioventricular  or 

electromechanical 

dissociation 

162 

8 

3 

Other/Unknown 

125 

6 

15 

Total 

2,151 
vith  permission. 

21 

*Adapted  from  Reference  55, 

Recurrent  Arrests 

Repeated  arrests  are  generally  ominous,  suggesting 
failure  and/  or  inability  to  correct  the  underlying  precipi- 
tating pathology.  Bonnin  and  colleagues13  found  that 
ROSC  (for  5  minutes)  within  25  minutes  of  arrest  was  a 
prerequisite  for  survival  in  their  subset  of  patients  with  re- 
fractory ventricular  fibrillation  who  survived.  It  was  not 
clear  from  their  paper  whether  there  were  intermittent  pe- 
riods of  ROSC  with  degeneration  to  ventricular  fibrilla- 
tion or  persistent  ventricular  fibrillation.  If  there  is  ROSC 
with  degeneration  to  a  nonperfusing  rhythm  does  this  con- 
stitute a  repeat  arrest?  How  long  does  the  interval  between 
arrests  need  to  be  to  qualify  them  as  separate  events? 
These  data  do  not  exist.  It  has  been  suggested  that  patients 
suffering  second  and  third  arrests  do  not  survive  to  leave 
the  hospital  (Table  5).3  There  has  been  insufficient  re- 
search, largely  due  to  small  numbers  of  patients  who  un- 
dergo multiple  arrests,  to  be  able  to  draw  firm  conclusions 
with  regard  to  the  appropriateness  of  CPR  under  these  cir- 
cumstances. Each  case  must  be  evaluated  individually 
with  regard  to  the  potential  for  correction  of  the  underly- 
ing pathology. 


Table  5.      Survival  after  Repeated  Cardiopulmonary  Resuscitation* 


Number  of  Resuscitations 
1  2  3         Total 


Attempted  resuscitations 
Success  each  attempt  (%) 
Long-term  survivors  (number) 


137 

10 

3 

150 

35 

40 

33 

35 

14 

0 

0 

14 

♦Adapted  from  Reference  3,  with  permission. 
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Absence  of  Neurologic  Function 

Evaluation  of  neurologic  function  may  be  particularly 
difficult  during  an  arrest  or  immediately  after  successful  re- 
suscitation. Sympathomimetic  drugs  such  as  epinephrine 
may  limit  evaluation  of  pupillary  response  to  light,  and  de- 
pression of  mental  status  in  the  peri-arrest  period  is  com- 
mon. One  study  that  evaluated  patients  upon  arrival  at  the 
hospital  after  prehospital  arrest  found  that  the  only  early 
predictor  of  poor  outcome  was  the  absence  of  spontaneous 
respiration.18  The  presence  of  consciousness  upon  admis- 
sion was  associated  with  a  4%  mortality  prior  to  discharge 
whereas  those  with  an  altered  state  of  consciousness  had  a 
53%  in-hospital  mortality.  Failure  to  respond  to  painful 
stimuli  and  absence  of  the  pupillary  light  reflex  were  not 
predictive  of  poor  outcome  until  48  hours  after  the  arrest. 
The  likelihood  of  permanent  neurologic  deficits  increases 
w  ith  the  duration  of  coma.  Only  5%  of  patients  who  are  un- 
conscious at  48  hours  will  have  full  neurologic  recovery.37 
Other  authors  have  found  that,  by  the  third  day  following 
arrest,  lack  of  motor  response  to  pain,  absence  of  pupillary 
light  reflex,  or  the  presence  of  a  Glasgow  Coma  Scale  score 
of  <  6  were  followed  by  a  persistent  vegetative  state  in  all 
patients. "'8  Posthypoxia  myoclonus,  once  thought  to  be  in- 
dicative of  a  grim  prognosis,  has  been  reported  to  resolve  in 
a  few  patients  with  return  of  normal  intellectual  function 
but  with  a  moderate  residual  movement  disorder.59 

In  Summary 

Almost  half  of  patients  respond  acutely  to  resuscitation 
but  most  die  within  the  First  several  days  after  arrest.  The 
incidence  of  survival  to  discharge  from  the  hospital  after 
cardiopulmonary  arrest  is  about  15%;  one  third  of  those 
surviving  have  evidence  of  neurologic  deficits.  Although 
some  prognostic  variables  are  useful  in  determining  which 
patients  are  most  likely  to  die  prior  to  discharge  from  the 
hospital,  each  patient  needs  to  be  evaluated  on  an  individu- 
al basis  and  the  various  risk  factors  weighed  carefully.  As 
additional  data  accumulate,  we  may  well  be  more  effective 
at  deciding  which  patients  are  more  likely  to  benefit  from 
CPR  so  that  we  can  more  judiciously  apply  this  therapeutic 
modality. 

A  number  of  studies  have  identified  factors  that  con- 
tribute to  poor  outcome.  Patients  over  70  years  of  age  usu- 
ally fare  poorly  after  CPR.  but  this  is  more  a  reflection  of 
the  number  of  coexisting  diagnoses  rather  than  years. 
Although  initial  survival  may  not  be  different  from 
younger  patients,  fewer  elderly  patients  live  to  discharge 
and  more  are  likely  to  have  neurologic  sequelae. 
Concurrent  diagnoses  such  as  sepsis,  AIDS,  gastrointesti- 
nal bleeding,  renal  failure,  cancer,  and  central  nervous  sys- 
tem disease  have  a  universally  poor  response  to  CPR.  If 


defibrillation  occurs  more  than  6  minutes  after  arrest  or  on 
the  general  ward  or  if  the  resuscitative  attempt  lasts  longer 
than  15  minutes,  mortality  is  greater  than  95%.  If  CPR 
continues  for  more  than  30  minutes,  there  are  no  survivors. 

A  low  exhaled  CO:  concentration  (<  2%)  during  car- 
diac massage,  asystole  or  EMD  as  the  first  identified 
rhythm,  and  recurrent  arrest  also  carry  a  poor  prognosis. 
On  the  other  hand,  at  the  time  of  arrest  or  during  the  imme- 
diate postarrest  period,  poor  neurologic  status  is  a  less 
helpful  predictor.  The  absence  of  spontaneous  respiration 
is  the  only  variable  at  the  time  of  admission  after  out-of- 
hospital  arrest  that  is  particularly  ominous.  There  is  no  ev- 
idence to  suggest  that  the  absence  of  spontaneous  respira- 
tion implies  any  better  prognosis  for  patients  arresting  in 
the  hospital.  Coma,  hypoxic  myoclonus,  and  absent  reflex- 
es, while  not  useful  immediately  following  arrest,  are  of 
greater  prognostic  significance  48  hours  later.  Only  5%  of 
patients  who  are  unconscious  48  hours  after  arrest  will 
have  a  full  neurologic  recovery.  The  Glasgow  Coma  Scale 
has  also  been  used  for  prognostication.  By  the  third  day 
after  arrest,  a  Glasgow  score  <  6  is  followed,  at  best,  by  a 
persistent  vegetative  state. 

Finally,  more  selective  application  of  CPR  is  probably 
the  best  way  to  improve  outcome.  When  patients  suffer 
from  end-stage  disease,  malignancy,  acquired  immunode- 
ficiency syndrome,  or  other  problems  that  are  associated 
with  poor  response  to  CPR,  they  should  be  given  the  op- 
portunity to  determine  their  own  code  status.  Where  possi- 
ble, it  is  the  obligation  of  the  physician  to  educate  patients 
with  regard  to  the  reality  of  CPR — the  process,  and  the  af- 
termath including  broken  bones,  tubes,  neurologic  damage 
and  likelihood  of  death  (or  vegetative  survival).  This  is 
particularly  important  for  patients  at  high  risk  for  poor  out- 
come. CPR  should  be  offered  in  situations  in  which  it  has 
potential  benefit,  like  any  other  therapeutic  modality. 
Initiation  of  futile  or  near-futile  CPR  because  of  family  de- 
mands or  because  the  physician  has  failed  to  address  the 
issue  with  the  patient  and/or  family  prior  to  the  event 
should  occur  less  frequently. 

On  the  other  hand,  outcome  is  improved  by  early  defib- 
rillation. High-impulse  CPR  with  interposed  abdominal 
compression  leads  to  higher  myocardial  and  cerebral  per- 
fusion pressures,  the  implication  being  a  higher  likelihood 
of  resuscitation.  It  has  been  shown  that  a  coronary  perfu- 
sion-pressure  gradient  greater  than  15  mm  Hg  is  likely  to 
be  associated  with  successful  resuscitation.  Other  tech- 
niques including  the  active  compression-decompression 
device  and  portable  extracorporeal  pump  oxygenation 
have  not  been  adequately  studied  to  determine  the  exact 
effect  on  outcome.  However,  the  former  looks  much  more 
promising  than  the  latter.  Perhaps,  as  technology  evolves, 
we  will  have  modalities  that  can  impact  mortality  from 
cardiac  arrest  in  a  meaningful  way. 
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Continuing  improvement  in  prediction  of  outcome  and 
assessment  of  benefits  of  new  techniques  will  allow  more 
informed  choices  by  patients  and  caregivers  in  providing 
or  not  providing  this  costly  therapy.  Earlier  prediction — 
during  actual  resuscitation — of  ultimate  futility  is  needed 
to  help  decide  when  enough  is  enough. 
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Hamill  Discussion 

Durbin:  Robin,  one  of  the  things  that 
I  think  we've  heard  in  the  last  few 
talks  is  that  the  only  thing  that  really 
works  in  resuscitation  is  to  perform 
CPR  well.  A  few  years  ago  the 
JCAHO  dropped  its  requirement  thai 
staff  physicians  (attendings),  in  fact, 
be  trained  in  basic  CPR.  And,  many 
institutions,  our  own  included,  do  not 
require  that  the  house  staff,  attending 
physicians,  or  specialist  physicians 
demonstrate  current  competence  in 
CPR.  One  of  the  reasons  I  support 
ACLS  training  for  all  house  staff  is 
that,  in  fact,  part  of  ACLS  includes 
competency  examinations  in  BLS.  Of 
course,  I  don't  tell  the  hospital  ad- 
ministration that.  I  believe  that's  the 
most  important  thing  we  can  provide 
within  a  hospital.  I  think  one  of  the 
reasons  Virginia  has  such  good  out- 
come is  because  we  require  ACLS, 


which  includes  BLS.1  Within  that 
critical  6-minute  interval,  we  deliver 
the  first  components  of  the  chain.  We 
can  provide  the  two  things  that  we 
know  work  well — rapid  access  to 
CPR  and  then  advanced  life  support 
soon  after.  That's  what  I  gleaned 
from  your  presentation,  as  being  im- 
portant. Despite  that,  the  outcome  is 
still  predetermined  in  at  least  75%  of 
the  cases,  and  we're  not  likely  to  be 
successful.  In  fact,  if  we  define  a  suc- 
cessful code  as  providing  the  resusci- 
tative  components  appropriately,  then 
it's  a  successful  code,  regardless  of 
the  patient  outcome. 

I .  Schwenzer  KJ,  Smith  WT.  Durbin  CG  Jr. 
Selective  application  of  cardiopulmonary 
resuscitation  improves  survival  rates. 
Aneslh  Analg  1993;  76(3):47X-484. 

Hamill:  That's  true.  I  guess  that  my 
bias,  though,  is  that  even  though  we 
have  a  successful  code.  I  don't  think 


that  should  be  the  yardstick  that  we 
use.  In  terms  of  evaluating  the  tech- 
nology itself  and  any  components  of 
it,  we  need  to  look  at  the  impact  on 
ultimate  outcome  because  I  think 
that's  the  bigger  issue. 

Barnes:  I  just  want  to  reinforce  what 
you  said  about  the  futility  of  resusci- 
tation efforts  beyond  15  minutes.  I 
think  it's  more  than  just  the  cost  of 
the  hospital  staff's  being  there  for  2 
or  3  times  longer  than  necessary.  The 
increased  probability  that  if  you  con- 
tinue and  the  patient  has  a  return  of 
spontaneous  circulation,  stays  in  the 
hospital,  but  can  never  be  discharged 
or  must  be  discharged  to  dependent 
living  at  a  tremendous  expense.  I 
think  that  really  raises  the  cost. 

Hamill:  In  terms  of  prolonged  testis 
cilative  efforts  in  the  elderly,  espe- 
cially, a  study  that  looked  at  survival 
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of  elderly  patients  showed  their  mor- 
tality at  60-70%  or  so  if  they  required 
more  than  3  days  of  mechanical  ven- 
tilation.1 The  1-year  survival  was 
about  3%.  So,  if  you  end  up  resusci- 
tating an  elderly  patient — in  particu- 
lar, someone  who  has  end-stage  lung 
disease — and  they  sustain  a  flail 
chest  or  a  flail  sternum  and  end  up 
having  to  be  ventilated  for  3  days, 
just  by  virtue  of  having  them  on  the 
ventilator  for  3  days,  you  really  have 
worsened  their  outcome. 

I .  Elpern  E.  Larson  R.  Douglass  P,  et  al. 
Long-term  outcomes  for  elderly  sur- 
vivors of  prolonged  ventilatory  assis- 
tance. Chest  1989;  96:  1 120-1 124. 


Aufderheide:  In  Milwaukee,  we 
have  retrospectively  analyzed  the  re- 
lationship between  resuscitation  time 
and  survival  rate  for  patients  with 
ventricular  fibrillation  (VF)  and 
pulseless  electrical  activity  (PEA), 
formerly  termed  electromechanical 
dissociation,  or  EMD.  Pionkowski  et 
al1  demonstrated  a  linear  drop  off  in 
the  survival  rate,  as  a  function  of  re- 
suscitation time,  that  reached  a 
change  in  slope  at  approximately  20 
minutes  for  ventricular  fibrillation 
patients.  Stueven,  et  al2  attempted  a 
similar  linear  regression  analysis  for 
patients  in  PEA  and  noted  an  increase 
in  the  successful  resuscitation  rates 
over  time  up  to  7  minutes,  and  then  a 
linear  reduction  in  resuscitation  rate 
from  10  to  15  minutes.  Additionally, 
it  appeared  that  all  PEA  patients  who 
were  saved  had  a  sustaining  pulse  in 
less  than  33  minutes  of  resuscitation 
time.  These  data  support  Tom 
Barnes'  comment  regarding  a  sub- 
stantially lower  possibility  for  suc- 
cessful resuscitation  after  about  15  or 
20  minutes  of  CPR. 

However,  in  the  same  paper, 
Pionkowski  et  al1  also  reported  some 
patients  in  ventricular  fibrillation 
who  were  discharged  from  the  hospi- 
tal alive  after  as  much  as  60  minutes 
prehospital  resuscitation  time.  Some 


PEA  patients  in  Milwaukee  achieved 
a  transient  pulse  within  33  minutes 
but  required  a  total  of  50  minutes  re- 
suscitation time. 

Those  patients  who  are  saved  by 
resuscitation  times  longer  than  20 
minutes  will  not  be  saved  in  the  fu- 
ture if  CPR  efforts  are  discontinued 
after  20  minutes.  Do  you  feel  that  the 
medical  and  social  costs  of  prolonged 
resuscitation  are  not  justified  for  the 
relatively  few  patients  who  are  saved, 
and  what  guidelines  can  you  offer  to 
the  practicing  clinician  to  assist  in  the 
difficult  decision  of  terminating  re- 
suscitative  efforts? 

1.  Pionkowski  RS,  Thompson  BM, 
Gruchow  HW.  Aparhamian  C,  Darin 
JC.  Resuscitation  time  in  ventricular 
fibrillation — a  prognostic  indicator. 
Ann  Emerg  Med  1983;  12:733-738. 

2.  Stueven  HA,  Aufderheide  TP,  Waite 
Em.  Mateer  JR.  Electromechanical  dis- 
sociation: six  years  prehospital  experi- 
ence. Resuscitation  1989;  17:173-182. 


Pepe:  Just  to  reflect  on  that  some 
more:  we  also  looked  at  the 
Milwaukee  system  as  well  when  we 
did  a  prospective  validation  of  the 
criteria  for  terminating  resuscitation.1 
The  key  is  actually  whether  you  get 
pulses  back,  even  transiently,  within 
that  first  15-20  minute  window. 
There  are  people  who  will  transiently 
get  pulses  and  if  CPR  is  continued 
beyond  20  minutes  some  will  sur- 
vive. So,  there  is  some  capability 
there  that  suggests  that  you  probably 
can  go  on.  It's  the  people  who  get  ab- 
solutely no  pulses  within — really,  20 
minutes  is  the  window — 20  minutes 
of  the  onset  of  ACLS.  The  BLS  com- 
ponent is  really  harder  to  nail  down. 
The  studies  looked  at  20  minutes  re- 
gardless of  previous  arrest  intervals. 
We  had  no  survivors  among  those 
adults  getting  20  minutes  of  ACLS 
without  return  of  pulses.  In  a  previ- 
ous study  published  in  JAMA  last 
year,2  when  we  prospectively  tested 
those  results  against  Milwaukee, 
Columbus,  King  County,  Syracuse, 


Richmond,  and  Houston  again  the 
only  survivors  beyond  20  minutes  of 
all  were  those  with  refractory  or  per- 
sistently recurrent  V-fib.1 2  However, 
if  you  did  get  any  pulses  back  within 
that  20  minutes,  you  still  had  about  a 
25%  chance  of  coming  back. 
Granted,  there  are  subcategories.  For 
example,  if  you  got  transient  pulses 
and  lost  them  again,  your  chances 
were  less  but  still  there  was  a  chance. 
So,  I  agree  with  you.  I  am  very  ag- 
gressive in  those  folks  in  whom  we 
are  able  to  get  at  least  something  back 
even  if  only  transiently,  but  I'm  as 
equally  aggressive  about  calling  the 
resuscitation  if  we  don't  get  pulses 
back  in  the  first  15  or  20  minutes. 

1.  Pepe  PE.  Brown  CG,  Bonnin  MJ,  et  al. 
Prospective  validation  of  criteria  for  on- 
scene  termination  of  resuscitation  efforts 
after  out-of-hospital  cardiac  arrest.  Acad 
Emerg  Med  1994;  1:3 15  (abstract). 

2.  Bonnin  MJ,  Pepe  PE,  Kimball  KT. 
Clark  PS.  Distinct  criteria  for  the  termi- 
nation of  resuscitation  in  the  out-of- 
hospital  setting.  JAMA  Sept  22  1993; 
270:1457-1462. 


Aufderheide:  I  would  like  to  make 
the  point  that  the  practicing  clinician 
needs  an  established  national  consen- 
sus opinion  and  easily  applied  guide- 
lines to  allow  practical  implementa- 
tion of  these  concepts. 

Pepe:  One  thing  I  have  also  been  very 
interested  in  recently,  is  the  issue  of 
waiving  (not  even  initiating)  resuscita- 
tion. There's  been  a  great  movement 
toward  saying  that  if  victims  are  asys- 
tolic,  you're  not  going  to  get  them 
back,  so  let's  not  even  start  resuscita- 
tion.1 That  may  become  a  self-fulfill- 
ing prophecy  in  some  situations.  So, 
we  actually  took  a  look  at  that,  in  the 
Seattle  and  Houston  EMS  systems, 
and  we  found  that  if  we  did  bring  some 
asystole  cases  back  it  was  a  small  per- 
centage, like  1-2%,  but  we  can  get 
some  of  those  people  back.2  But  we 
also  found  that  in  those  asystole  cases 
when  the  arrest  was  unwitnessed  and 
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no  one  performed  bystander  CPR.  we 
didn't  get  anybody  back,  period.2  So 
there  may  be  some  criteria  we  can  use 
clinically,  but  in  lieu  of  those  criteria,  I 
would  aggressively  start  the  resuscita- 
tion, unless  they're  livid,  or  are  in  rigor 
mortis,  or  we've  got  DNR  orders.  But 
at  the  same  time,  I'd  just  as  aggressive- 
ly terminate  it  if  there  is  no  response  or 
pulses  within  the  first  20  minutes  or  so. 

1 .  Pepe  PE.  Levine  RL.  Fromm  RE,  Curka 
PA,  Zachariah  BS.  Clark  PS.  Cardiac  ar- 
rest presenting  with  rhythms  other  than 
ventricular  fibrillation:  Contribution  of 
resuscitation  efforts  toward  total  sur- 
vivorship. Crit  Care  Med  1993. 

2.  Pepe  PE,  Cobb  LA,  Persse  DE.  et  al. 
Improved  criteria  for  waiving  resuscita- 
tion efforts  for  out-of-hospital  cardiac 
arrest.  Ann  Emerg  Med  1944:23:619. 


Halperin:  I  think  this  6-minute  start- 
ing time  is  probably  too  long.  By  cut- 
ting that  down  to  a  couple  of  minutes, 
we  could  save  a  lot  of  lives.  I  don't 
know  what  the  logistical  problems 
are,  but  it  seems  like  that  could  be 
shortened  considerably  in  a  hospital. 
Maybe  the  respiratory  therapist  could 
actually  be  a  part  of  that. 

Sanders:  The  point  I'm  concerned 
about  is  the  issue  of  physicians  writ- 
ing DNR  orders  without  patients' 
consent.  There's  no  question  that  if 
the  patient  feels  that  he  or  she  does 
not  want  to  be  resuscitated,  then  we 
should  respect  those  wishes.  But  we 
need  to  be  very  cautious  about  physi- 
cians making  those  judgments  unilat- 
erally when  conclusive  data  may  not 
be  available.  You  presented  data  on 
21  patients  with  AIDS  or  40  patients 
with  dementia  who  did  not  survive 
cardiac  arrest.  Is  that  definitive  dala 
proving  that  resuscitation  attempts 
are  futile?  There  are  very  few  condi- 
tions that  have  justified  futility  in  car- 
diac arrest — dependent  lividity.  de- 
capitation, rigor  mortis,  etc.  But  be- 
yond these  indications  of  death,  it's 
the  patient's  choice  whether  resusci- 


tation be  attempted.  The  literature 
should  be  constantly  monitored  for 
new  studies  demonstrating  futility  for 
specific  conditions — good  clinical 
studies  from  multiple  centers. 

1 1  am  ill:  You  need  to  look  at  the 
whole  picture.  But  I  would  suggest  to 
you  that  CPR  is  a  therapeutic  modali- 
ty, not  unlike  antibiotics,  not  unlike 
chemotherapy.  You  use  your  judg- 
ment in  applying  all  of  them.  If  a 
family  came  to  you  and  said  "I  want 
Aunt  Tilly  to  have  chemotherapy  be- 
cause I  read  something  in  McCaU's, 
that  says  that  it's  going  to  make  a  dif- 
ference," you're  not  going  to  give 
it — because  it's  not  indicated.  Yes, 
it's  not  100%.  But  I  think  you  must 
take  the  numbers  and  look  at  the 
probabilities.  If  the  patient  has  not 
one  of  these  factors  but  four  of 
them — all  of  which  are  connected  to 
poor  outcome — if  you  have  comorbid 
disease  plus  advanced  age  and  all  the 
rest  of  it,  then  you  need  to  take  those 
into  consideration.  Are  you  doing 
more  harm  than  good?  Are  you  ulti- 
mately going  to  alter  outcome  or  not? 
It's  not  an  easy  decision.  Ideally, 
what  I'm  suggesting  is  that  the  pa- 
tient be  involved  in  those  decisions 
whenever  possible,  but  I  think  when 
you  have  someone  in  the  process  of 
dying,  and  nothing  you  can  do  will 
change  that,  then  performing  CPR  is 
not  appropriate.  I  think  in  those  cir- 
cumstances in  which — for  example, 
end-stage  ARDS,  where  they're  actu- 
ally dying  of  hypoxia  or  whatever 
and  you  can't  fix  that — trying  to  re- 
suscitate them  when  you  can't  alter 
the  underlying  process  doesn't  ac- 
complish anything. 

Durhin:  Just  a  brief  comment  about 
the  study  you  talked  about.1  We 
looked  at  patients  who  died  with  and 
without  CPR  to  come  up  with  those 
numbers,  and  what  we  found  was  that 
we  didn't  apply  CPR  universally  to 
people  dying  in  the  hospital.  Right 
now  we're  looking  at  whether  DNR 


orders  influenced  those  decisions  not 
to  resuscitate.  We're  not  quite  sure 
what  the  determining  variables  were. 
We  just  know  that  we  seem  to  be 
picking  the  right  people  to  try  to  re- 
suscitate which  results  in  our  high 
success  rate  compared  to  other  stud- 
ies of  in-hospital  resuscitation.  I 
don't  think  it's  because  we're  so 
great.  I  think  it's  because  we  pick  the 
right  people.  I  just  don't  know  yet 
how  we  chose  to  resuscitate  those 
who  are  good  candidates  and  not  the 
others. 

1 .  Schwenzer  KJ.  Smith  WT.  Durbin  CG  Jr. 
Selective  application  of  cardiopulmonary 
resuscitation  improves  survival  rates. 
AnesthAnalg  1993:76(31:478-184. 

Rubenfeld:  This  whole  notion  of 
defining  futility  as  a  certainty  is  sort 
of  ridiculous.  If  our  criterion  for  say- 
ing that  something  is  inappropriate  or 
that  we're  not  going  to  do  it,  is  that 
it's  impossible,  then  we  can  all  go 
home  because  there's  no  way  that  we 
can  sit  around  and  define  what's  im- 
possible with  any  amount  of  research. 
Zero  out  often  thousand  still  isn't  im- 
possible. If  in  the  first  10,000  cases  it 
doesn't  happen,  there's  a  50%  chance 
that  it'll  happen  once  in  the  next 
10,000.  I  think  that  we  need  to  sort  of 
break  apart  what  we  mean  by  the 
word  futility  and  convince  ourselves 
that  we  actually  don't  really  mean 
certain  or  impossible  or  inevitable.  At 
least  experimentally,  we  can't  define 
any  of  those.  It's  an  act  of  faith. 

I.  Sherman  DA.  The  probability  of  in- 
evitability: The  inherent  impossibility 
of  validating  criteria  for  brain  death  or 
'irreversibility'  through  clinical  stud- 
ies. Statistics  in  Medicine  l9S7;6(July- 
Aug.  51:535-553. 

Malinowski:  I  notice  that  its  proba- 
bly better  for  you  lo  arrest  on  the 
streets  of  Seattle  than  in  the  ward  of 
an  acute  care  hospital.  Would  you 
comment  on  that'.'  I  know  you  did 
mention  that  you  thought  that  was 
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probably  related  to  the  length  of  time 
that  the  patient  had  been  in  cardiores- 
piratory arrest,  but  I  wonder  if  you 
could  comment  on  whether  you 
thought  training  the  nurses  and  bed- 
side providers  as  well  as  maybe  Paul 
(Pepe)  trains  his  fire  department 
would  make  a  difference. 


Hamill:  I  don't  think  that's  the  issue. 
I  actually  think  that  this  is  one  of 
those  components  that's  going  to  be- 
come worse  rather  than  better — as  the 
nursing  coverage  lessens  due  to  costs 
containment.  Patients  are  left  alone 
for  extended  periods  of  time.  The 
nurse  goes  in  to  check  vitals  and  finds 


the  patient  dead  in  bed  and  calls  a 
code  on  somebody  who's  been  lying 
there  for  15  minutes  or  3  hours. 
You're  often  looking  at  a  tremendous 
delay  before  resuscitation  is  initiated, 
not  because  somebody  doesn't  know 
what  to  do  but  because  nobody  was 
there  when  the  arrest  occurred. 
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Introduction 

In  the  three  decades  that  cardiopulmonary  resuscitation 
has  been  in  wide  use,  there  have  been  extraordinary 
changes  in  medical-care  delivery,  the  process  of  dying, 
and  the  doctor-patient  relationship.  Our  current  state  of 
practice  regarding  withholding  and  withdrawing  life  sup- 
port has  evolved  by  complex  mechanisms  involving  the 
courts,  ethics  panels,  physicians,  and  various  patient-advo- 
cacy groups.  Detailed  discussions  of  the  legal  precedents 
and  ethical  principles  that  form  the  groundwork  of  current 
thought  on  terminal-care  decisions  can  be  found  in  reviews 
of  these  topics. ',2  This  paper  explores  the  extensive  empir- 
ic medical  literature  devoted  to  do-not-resuscitate  (DNR) 
orders,  the  process  surrounding  the  decision  to  write  the 
order,  and  the  outcomes  of  patients  for  whom  such  an 
order  is  written. 

Cardiopulmonary  resuscitation  (CPR)  is  the  only  medi- 
cal therapy  provided  in  the  acute-care  hospital  that  is  ad- 
ministered without  a  physician's  explicit  order,  but  a 
physician's  order  is  required  to  stop  or  prevent  it  from 
starting.  Early  proponents  of  CPR  recognized  that  it  was  a 
therapy  to  be  applied  judiciously;1  however,  prior  to  1976 
there  was  little  discussion  about  DNR  decisions.  In  1965,  a 
subtle  but  important  transformation  occurred  that  con- 
tributed to  a  new  psychology.4  No  longer  a  medical  proce- 
dure to  be  applied  only  in  selected  cases  by  physicians. 
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CPR  was  redefined  as  an  emergency  procedure  to  be  initi- 
ated by  a  broad  range  of  personnel  in  many  settings  outside 
the  hospital.  This  sense  of  emergency  permeated  the  cul- 
ture of  CPR  providers  and  returned  with  them  to  the  hospi- 
tal— a  setting  in  which  every  cardiac  arrest  does  not  merit 
an  obligatory  response. 

Efforts  were  made  to  limit  resuscitation  in  clinical  prac- 
tice well  before  the  acknowledgment  of  formal  DNR  orders 
in  1974.5-6  Anecdotal  reports  conveyed  concern  that  con- 
sent for  DNR  was  erratic  and  communication  errors  oc- 
curred between  physicians  and  CPR  providers.  Physicians 
were  reluctant  to  document  DNR  decisions  in  the  medical 
record  for  fear  of  prosecution  for  failing  to  provide  poten- 
tially beneficial  emergency  care.  Code  phrases  like  "tender 
loving  care  only"  or  symbols  like  purple  dots  on  chart  cov- 
ers were  used  to  indicate  patients  deemed  inappropriate  for 
CPR.  Slow  or  'sham'  resuscitations — intentionally  ineffec- 
tual resuscitations — were  performed  to  give  the  appearance 
that  all  possible  therapy  was  being  provided. 

In  1976,  in  the  wake  of  the  Quinlan  case,  a  watershed 
series  of  articles  was  published  in  the  New  England 
Journal  of  Medicine.  The  Massachusetts  General  and  Beth 
Israel  Hospitals  reported  their  guidelines  for  handling 
DNR  decisions.7"  They  acknowledged  the  rights  of  a  com- 
petent patient  to  refuse  any  medical  care,  the  role  of  surro- 
gates in  making  decisions  for  incompetent  patients,  the 
problematic  nature  of  decisions  in  the  absence  of  surro- 
gates or  expressed  wishes,  and  the  importance  of  an  open 
policy  regarding  DNR  orders.  In  the  same  issue  Sissela 
Bok  brought  the  "living  will"  to  the  attention  of  many 
readers'  attention  for  the  first  time.'1 

During  the  late  1970s  and  early  1980s,  investigators 
began  to  look  closely  at  the  outcomes  of  in-hospital  CPR. 
Specific  subgroups  of  patients  with  cancer,  stroke,  and 
chronic  renal  failure  had  low  survival-to-hospital-dis- 
charge rates  despite  resuscitation.  Meanwhile,  states  were 
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passing  "natural  death"  legislation  that  gave  statutory  sup- 
port to  advance  directives.  A  growing  body  of  case  law 
justified  decisions  to  withhold  or  withdraw  any  medical 
care,  in  the  proper  setting. 

With  these  changes  in  medical  decision-making  grew 
an  intense  interest  in  studying  whether  the  goals  of  ad- 
vance directives  and  formal  DNR  orders  were  being  met. 
Does  a  formal  DNR  policy  lead  to  better  communication 
between  physicians,  patients,  surrogates,  and  other  mem- 
bers of  the  health-care  team  about  decisions  not  to  provide 
CPR?  Do  advance  directives  enhance  patient  autonomy  by 
matching  desired  therapy  with  what  is  actually  received? 
Do  advance  directives  and  DNR  orders  lead  to  more  ap- 
propriate use  of  life  sustaining  therapy  (ie,  less  intensive 
care)  when  it  can  only  serve  to  prolong  an  inevitable 
death?  The  large  body  of  research  that  attempts  to  answer 
these  questions  can  be  divided  by  methodology  into  the 
following  topics:  ( 1 )  surveys  of  health-care  providers,  pa- 
tients, and  surrogates,  (2)  epidemiology  of  DNR  patients, 
and  (3)  the  limitations  of  advance  directives. 

Surveys  of  Health-Care  Providers, 
Patients,  &  Surrogates 

When  outpatients  were  asked  whether  they  would  like 
to  discuss  life-sustaining  therapy,  nearly  70%  said  they 
would.  Patients  feel  empowered  by  discussing  these  issues 
and  wish  their  physicians  would  initiate  conversation  on 
this  topic.'0  A  later  study  found  that  more  than  90%  of  out- 
patients and  the  general  public  were  interested  in  having 
either  an  advance  directive  or  a  health-care  proxy." 
Despite  this  enormous  interest,  very  few  individuals  actu- 
ally write  advance  directives.  Fewer  than  half  ever  explic- 
itly discuss  their  wishes  with  family  members.12 
Respondents  cite  lack  of  physician  initiative  as  an  impor- 
tant barrier  to  their  giving  advance  directives.1011  These 
data,  along  with  the  observation  that  interested  individuals 
are  indistinguishable  by  demographic  criteria  from  those 
who  are  not  interested,  have  been  used  to  encourage 
health-care  providers  to  approach  all  patients  about  end- 
of-life  decisions. 

Surveys  have  provided  information  on  patients'  prefer- 
ences for  therapy  in  various  scenarios.  In  general,  patients 
prefer  comfort  measures  to  life  prolongation  when  faced 
with  terminal  illness  or  irreversible  coma.  Over  80%  of  pa- 
tients say  they  would  refuse  nutrition,  antibiotics,  or  me- 
chanical ventilation  if  they  were  in  a  persistent  vegetative 
state  or  were  terminally  ill  with  dementia."  However, 
there  is  an  important  minority  in  all  surveys  who  prefer  ag- 
gressive therapy  regardless  of  the  scenario.  Seventy-eight 
percent  of  patients  who  agreed  with  the  statement  "I  do  not 
want  my  life  prolonged,  and  I  do  not  want  life-sustaining 
treatment  to  be  provided  or  continued  if  the  burdens  of  the 


treatment  outweigh  the  expected  benefits"  wanted  CPR  in 
the  event  of  a  cardiac  arrest.13  When  faced  with  the  sce- 
nario of  terminal  illness  defined  as  "dying  with  a  disease 
that  could  not  get  better  no  matter  what  your  doctor  does", 
34%  wanted  CPR  and  27%  wanted  admission  to  an  inten- 
sive care  unit.14  Twenty  percent  of  nursing  home  residents 
said  they  wanted  CPR,  mechanical  ventilation,  and  hospi- 
talization even  if  they  were  terminally  ill  or  permanently 
unconscious.15 

An  important  concern  for  those  faced  with  interpreting 
advance  directives  is  whether  the  stated  choices  are  stable 
over  time.  A  patient  who  filled  out  an  advance  directive  3 
years  ago  may  no  longer  agree  with  its  contents  but  be  un- 
able to  communicate  his  change-of-heart  when  admitted  to 
the  hospital.  Overall,  patients  do  change  their  attitudes  re- 
garding end-of-life  care.  Patients  with  more  education, 
who  are  black,  and  who  have  less  social  support  tend  most 
to  change.16  Initial  choices  for  less  care,  having  an  advance 
directive,  and  repeated  discussions  over  time  all  make  sta- 
ble decisions  more  likely.1617  Of  note,  among  patients  who 
initially  choose  the  least  care,  subsequent  decisions  for 
more  care  are  unlikely.16 

For  advance  directives  and  health-care  proxies  to  ful- 
fill their  goals  of  enhancing  patient  autonomy,  we  must  be 
confident  that  actions  based  on  them  approximate  the  de- 
cisions the  patient  would  have  made.  Proving  this  hypoth- 
esis would  be  difficult  because  there  is  no  way  to  ascer- 
tain what  an  individual  patient  would  really  choose  in  the 
clinical  settings  in  which  advance  directives  are  enacted. 
A  number  of  studies  have  attempted  to  ascertain  the  ex- 
tent to  which  a  patient's  choices  agree  with  those  of  a  sur- 
rogate, using  clinical  vignettes.  The  surrogates  (physi- 
cians, nurses,  and  family  members)  did  little  better  than 
chance  at  selecting  the  therapy  that  patients  chose.18 
Physicians  tend  to  underestimate  patients'  desires  for  re- 
suscitation whereas  family  members  overestimate  it.  This 
observation  has  been  used  to  advocate  a  procedure-specif- 
ic advance  directive  that  provides  a  menu  of  therapies, 
given  various  scenarios.  Studies  of  agreement  over  thera- 
py have  not  been  repeated  using  procedure-specific  state- 
ments, so  the  advantages  remain  untested.  Clinical  vi- 
gnette research  has  raised  substantial  doubts  as  to  whether 
health-care  surrogates  are  able  to  choose  the  same  thera- 
pies that  the  patient  might  have  chosen  had  he  been  given 
the  opportunity. 

The  diversity  of  responses  regarding  treatment  choices 
based  on  surveys  and  vignette  research  can  be  due  to  several 
factors.  To  some  extent,  it  represents  true  differences  in  the 
values  people  assign  to  various  outcomes.  However,  hypo- 
thetical vignettes  are  likely  to  fail  to  represent  actual  behav- 
ior for  several  reasons.  Written  scenarios  cannot  capture  the 
reality  of  clinical  situations  and,  therefore,  may  not  elicit  re- 
sponses that  correspond  to  those  that  might  emerge  at  the 
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bedside.  These  studies  provided  only  cursory  information 
about  outcomes,  so  patients  and  their  family  members  were 
left  with  whatever  individual  preconceptions  they  had  about 
CPR  effectiveness.  Finally,  closed-choice  surveys  are  a  poor 
instrument  to  ascertain  attitudes  in  a  situation  that  is  bound- 
ed by  uncertainty.  Respondents  may  be  more  willing  to 
"gamble"  on  CPR  if  the  negative  outcomes — prolonged  hos- 
pital survival  followed  by  death  or  resuscitation  to  a  debili- 
tated state — are  not  made  explicit.19 

Both  physicians  and  lay  persons  are  influenced  by  so- 
cial factors  that  have  little  impact  on  assessing  prognosis 
or  benefit  from  CPR  when  they  decide  on  the  appropriate- 
ness of  resuscitation.  Patients  with  acquired  immune-defi- 
ciency syndrome  and  cancer  are  much  more  likely  than 
their  equally  ill  counterparts  with  cirrhosis  and  heart  fail- 
ure to  be  approached  about  and  consent  to  a  DNR  order.20 
When  faced  with  the  decision  to  withdraw  therapy,  physi- 
cians are  less  likely  to  do  so  if  the  patient's  illness  is  iatro- 
genic or  unexplained,  even  when  these  factors  are  not  as- 
sociated with  a  different  prognosis.21  Judgments  of  non- 
physicians  are  also  affected  by  social  factors  that  are  of 
questionable  significance  in  the  decision  to  offer  CPR.  In 
one  study  cancer,  alcoholism,  substance  abuse,  and  physi- 
cal handicaps  all  decreased  the  likelihood  that  resuscita- 
tion would  be  offered  to  hypothetical  patients  with  similar 
prognoses.12 

One  survey  of  a  broad  range  of  health-care  profession- 
als has  yielded  particularly  disturbing  results.22  A  strong 
sentiment  that  too  much  care  is  provided  to  the  terminally 
ill  emerges  from  the  study  respondents.  Sixty-seven  per- 
cent felt  that  mechanical  ventilation  was  used  inappropri- 
ately in  the  care  of  dying  patients.  Similar  data  were  ob- 
tained on  CPR  and  facilitated  nutrition.  The  same  survey 
also  revealed  a  striking  lack  of  knowledge  or  acceptance  of 
modern  ethical  and  legal  principles.  Over  time,  a  broad 
consensus  has  developed  that  distinctions  between  ordi- 
nary and  extraordinary  care  and  withholding  and  with- 
drawing care  are  more  confusing  than  enlightening  in 
medical  decision-making.2  However,  a  majority  of  re- 
sponding health-care  professionals  believed  that  with- 
drawing a  treatment  was  different  than  withholding  it  and 
three  quarters  believed  there  was  a  distinction  between  or- 
dinary and  extraordinary  care.  Confirming  this  misconcep- 
tion, 47%  felt  that  food  and  water  should  not  be  discontin- 
ued even  when  other  forms  of  life  support  are  stopped. 
Imposing  these  distinctions  may  lead  to  unwanted  care  and 
unnecessary  ethical  dilemmas. 

Survey  research  has  been  invaluable  in  breaking  down 
the  barrier  of  silence  that  has  prevented  clinicians  from  ap- 
proaching patients  about  advance  directives.  Most  people 
would  prefer  comfort  measures  to  CPR  and  other  life-sus- 
taining therapies,  when  faced  with  terminal  illness.  This 
research  has  also  uncovered  difficulties  in  the  application 


of  surrogates'  judgments  that  may  not  represent  patients' 
choices.  Finally,  health-care  professionals  believe  that 
they  provide  inappropriately  excessive  care  to  the  dying 
yet  are  confused  about  important  ethical  concepts  that 
might  lead  to  more  appropriate  care. 

Epidemiology  of  DNR  Patients 

This  body  of  literature  is  difficult  to  synthesize  given 
the  wide  variability  in  study  design,  populations,  and  rapid 
secular  trends  in  practice  during  the  1980s.  However,  these 
studies  provide  a  series  of  snapshots  that  outline  the  con- 
sent process,  describe  the  typical  DNR  patient,  explore  the 
practical  therapeutic  implications  of  a  DNR  order,  and  re- 
veal international  differences  in  thinking  about  end-of-life 
care.  It  is  important  to  note  that  all  these  data  were  collect- 
ed prior  to  the  Patient  Self  Determination  Act  (PSDA)  of 
1991.  This  legislation  requires  that  all  patients  receive  in- 
formation about  advance  directives  at  the  time  of  hospital 
admission. 

DNR  orders  are  written  in  3%  of  patients  admitted  to 
the  hospital23 ~26  and,  from  more  recent  data,  in  9%  of  ICU 
patients.27  Among  patients  who  die  in  the  hospital,  70-84% 
have  a  DNR  order  on  record.2328  One  ICU  reported  that 
97%  of  the  patients  who  died  in  the  unit  had  DNR  orders 
written  in  their  charts.29  A  more  representative  national 
sample  suggests  that  70%  of  ICU  deaths  are  preceded  by  a 
DNR  order.27 

The  institution  of  DNR  policies  has  led  to  a  noticeable 
increase  in  the  documentation  of  the  rationale  for  with- 
holding CPR.  In  the  majority  of  cases  (56-86%),  this  is 
done  after  admission  to  the  hospital  and  in  consultation 
with  the  family. 23:5-,°-11  Patients  were  able  to  participate  in 
only  14-28%  of  DNR  decisions.2"0-11  DNR  orders  in  the 
absence  of  surrogates  or  against  the  requests  of  surrogates 
occur  in  only  a  few  percent  of  all  cases.  One  study  docu- 
mented a  few  cases  of  unacceptable  informal  orally  com- 
municated DNR  orders  used  to  circumvent  a  resistant  fam- 
ily's demands  for  CPR.24 

An  important  goal  of  formal  DNR  orders  is  to  improve 
communication  about  instituting  CPR.  DNR  orders  are  in- 
tended to  facilitate  and  document  the  decision  to  withhold 
CPR  and  to  convey  this  information  to  caregivers  respon- 
sible for  initiating  such  care.  Obviously,  there  is  a  broad 
range  of  patients  in  whom  a  DNR  order  is  appropriate. 
Contrast  3  hypothetical  DNR  cases:  ( 1 )  A  62-year-old  man 
with  emphysema  was  admitted  for  pneumonia.  He  had 
written  an  advance  directive  that  stated  he  did  not  want 
CPR  but  has  been  successfully  extubated  after  prolonged 
mechanical  ventilation  twice  in  the  past.  (2)  A  78-year-old 
woman  with  severe  dementia  who  has  a  living  will  was 
transferred  from  the  nursing  home  with  urosepsis.  (3)  A 
37-year-old  trauma  patient  with  severe  closed-head  injury 
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and  acute  respiratory  distress  syndrome  was  in  the  ICU 
with  progressive  organ  failure,  inadequate  oxygenation  on 
Fdo:  1.0,  and  hypotension  requiring  high-dose  vasopres- 
sors. All  3  cases  might  show  up  in  a  series  of  DNR  pa- 
tients, but  they  have  little  else  in  common  aside  from  their 
DNR  status.  The  level  of  intensive  care  each  would  re- 
ceive, the  treatments  that  might  be  withdrawn  or  withheld, 
and  the  timing  from  admission  to  the  DNR  order  would 
vary  widely  in  each  case. 

In  fact,  there  is  considerable  variation  in  the  aggres- 
siveness of  care  patients  receive  after  a  DNR  order. 23-32-33 
One  study  that  used  blinded  chart  reviews  by  expert  physi- 
cians found  only  a  few  cases  in  which  care  was  deemed  in- 
appropriately excessive  after  the  DNR  order.34  Physicians 
have  different  perceptions  of  just  what  the  "resuscitate"  in 
do-not-resuscitate  means.  Although  there  was  general 
agreement  that  chest  compressions  and  cardioversion 
were  "resuscitation,"  physicians  disagreed  on  whether 
new  antiarrhythmic  or  vasoactive  drugs  could  be  started  in 
a  patient  with  a  DNR  order.32  Physicians  providing  on-call 
coverage  for  a  DNR  patient,  called  in  the  middle  of  the 
night,  may  not  share  the  same  concept  of  resuscitation  as 
that  negotiated  between  the  patient's  primary  physician 
and  family.35  Again  there  was  general  agreement  that 
CPR,  cardiac  pacing,  and  mechanical  ventilation  should 
be  withheld,  but  there  was  greater  uncertainty  with  regard 
to  ICU  transfer,  vasopressors,  and  blood  transfusions. 
Some  institutions  have  responded  to  this  phenomenon 
with  procedure-specific  DNR  orders  that  list  which  as- 
pects of  resuscitation  are  to  be  withheld.36  Unfortunately, 
an  instrument  meant  to  convey  detailed  information  to  col- 
leagues may  overwhelm  a  surrogate  and  lead  to  choices 
that  are  medically  irrational.  There  may  be  situations  in 
which  it  is  reasonable  to  choose  some  components  of  CPR 
but  refuse  others.  For  example,  patients  with  end-stage 
lung  disease  might  want  to  be  cardioverted  for  sustained 
ventricular  tachycardia  but  not  intubated.  However,  pa- 
tients should  understand  that  the  intervention.  CPR,  as  it  is 
applied  to  the  unresponsive,  apneic,  or  pulseless  patient  is 
a  package  deal.  Chest  compressions  for  ventricular  fibril- 
lation without  electrical  defibrillation  or  epinephrine  with- 
out oxygenation  are  even  less  likely  to  be  effective  than 
the  data  already  suggest  for  in-hospital  resuscitation.  The 
rationale  behind  limited-code  requests  should  be  explored 
for  hidden  misconceptions.  Patients  may  feel  that  some  as- 
pects of  resuscitation  are  more  or  less  heroic  than  others, 
or  they  may  not  understand  that  the  majority  of  patients  re- 
quire prolonged  mechanical  ventilation  and  ICU  care  after 
in-hospital  resuscitation. 

The  United  States  has  generated  much  of  the  world's 
medical,  ethical,  and  legal  literature  on  DNR  orders. 
However,  there  is  a  limited  published  experience  from  col- 
leagues abroad  that  is  illuminating.  A  critical  care  group 


from  Belgium  stated  in  an  article  reporting  on  terminal 
events  in  their  ICU:37 

Of  particular  importance  is  the  primary  role  of  the  physi- 
cian in  these  ultimate  decisions.  Although  the  patient  and 
his  family  are  regularly  consulted  about  their  feelings  and 
desires,  the  decision  not  to  perform  CPR  or  to  discontinue 
therapy  is  ultimately  made  by  the  ICU  staff. 

An  article  published  in  1 99 1  from  a  district  general  hos- 
pital in  England  showed  the  consequences  of  not  having  a 
formal  DNR  policy.  Orders  in  the  chart  were  cryptic  and 
haphazardly  documented.  Communication  was  so  poor 
that  nurses  claimed  they  would  not  call  the  'crash  team'  on 
40%  of  the  patients  designated  by  doctors  as  having  full- 
code  status:  but  would  call  the  team  for  one  third  of  the  pa- 
tients whom  doctors  had  designated  as  having  DNR  sta- 
tus.38 Physicians  in  Sweden,  who  also  practice  in  the  ab- 
sence of  a  formal  DNR  policy,  only  document  18%  of  their 
DNR  orders  in  the  medical  record.  The  majority  were  writ- 
ten, frequently  in  coded  language  like  "0  action"  or  coded 
symbols  (a  heart  with  a  line  though  it)  in  the  nursing  care 
plan  with  pencil.  Seventy  percent  said  they  never  or  rarely 
discussed  DNR  decisions  with  family  members  and  90% 
never  or  rarely  discussed  the  decision  with  the  patient. 1g 
Clearly,  the  approach  to  end-of-life  decision-making  in  the 
United  States  is  markedly  different  from  other  developed 
countries.  It  is  not  clear  whether  recent  interest  in  unilater- 
al DNRs  and  medical  futility  are  moving  us  closer  to  the 
European  view  or  whether  burgeoning  consumerism  will 
cause  the  Europeans'  medical  decision-making  to  become 
more  like  ours.4"  42 

The  Limitations  of  Advance  Directives 

The  goal  of  advance  directives  is  to  allow  individuals  to 
influence  choices  made  on  their  behalf  by  projecting  their 
autonomous  decisions  on  future  events.  For  these  project- 
ed autonomous  decisions  to  be  valid  and  effective,  they 
must  overcome  a  series  of  impediments  (Table  1 ). 
Additional  information  about  CPR  outcomes,  particularly 
if  provided  in  a  creative  way.  can  influence  patients' 
choices  for  CPR.43  We  have  already  discussed  how  some 
patients'  opinions  about  care  can  be  unstable  over  time. 
Even  under  optimal  study  conditions,  advance  directives 
may  only  be  available  for  a  third  of  hospitalized  patients.15 
Finally,  those  involved  with  the  decision  must  be  able  to 
apply  previous  statements  at  the  bedside  and  turn  them 
into  practical  decisions  to  withhold  or  withdraw  specific 
therapies. 

Three  prospective  studies  suggest  that  advance  direc- 
tives, for  unknown  reasons,  have  little  impact  on  subse- 
quent care.  In  an  important  study,  Danis  and  colleagues15 


Respiratory  Care  •  May  '95  Vol  40  No  5 


531 


DNR  Orders:  Critical  Review 


Tabic  I .      Prerequisites  for  Effective  Projected  Autonomous 
Decisions. 

Information 

Choices  should  he  informed,  including  an  understanding  of  the  likely 
outcomes  and  burdens  of  CPR  and  intensive  care  in  various  situations. 

Communication 

Personal  choices  kept  private  can  have  little  impact  at  the  bedside. 

Stability 

Informed  choices  that  were  communicated  in  the  past  should  be  similar 
to  the  choices  that  the  patient  would  have  made  today. 

Availability 

The  instrument  for  communicating  the  stable,  informed  choice  must  be 
available  to  physicians  when  decisions  need  to  be  made.  If  surrogates  are 
absent  and  the  advance  directive  is  at  the  nursing  home  projected  autono- 
my is  impossible. 

Applicability 

The  interaction  between  physician  and  document  or  physician  and  surro- 
gate must  lead  to  some  change  in  therapy.  This  requires  that  the  decision 
makers  be  able  to  interpret  previous  statements  and  apply  them  at  the 
bedside  allowing  for  an  infinite  number  of  potential  clinical  scenarios. 
Presumably,  in  some  cases,  the  management  is  different  from  what 
would  have  occurred  in  the  absence  of  an  advance  directive. 


demonstrated  that,  in  a  quarter  of  the  relevant  events,  med- 
ical care  was  inconsistent  with  previously  stated  requests. 
Advance  directives  were  actually  present  more  often  in  the 
inconsistent-care  cases.  From  the  events  described  in  the 
article,  it  is  difficult  to  know  whether  there  was  really  a 
lapse  in  appropriate  decision-making.  For  example,  one 
patient  who  had  requested  not  to  be  placed  on  a  ventilator 
was  briefly  intubated  because  of  a  seizure;  and  a  patient 
with  end-stage  cardiomyopathy  who  had  requested  hospi- 
talization in  his  directive  was  not  hospitalized  when  he  be- 
came incompetent  and  too  severely  ill  to  benefit  from 
more  aggressive  care.  These  events  exemplify  how  diffi- 
cult it  can  be  to  turn  advance  directives  into  specific  ac- 
tions at  the  bedside.  Even  if  a  detailed,  procedure-specific 
document  is  used,  as  it  was  in  the  Danis  et  al15  study,  it  is 
impossible  to  anticipate  all  clinical  scenarios.  Furthermore, 
many  patients  acknowledge  the  importance  of  affording 
their  physicians  the  flexibility  to  make  bedside  adjust- 
ments to  previously  stated  wishes.44 

Schneiderman,  in  a  randomized  trial,  found  no  difference 
in  the  percent  of  patients  receiving  CPR.  dying  at  home,  or 
any  of  a  series  of  variables  measuring  resource  consumption 
among  those  offered  an  advance  directive,  those  who  had 
written  an  advance  directive,  and  a  control  group.45  Recent 
data  from  the  Study  to  Understand  Prognoses  and 
Preferences  for  Outcomes  and  Risks  of  Treatments  (SUP- 
PORT) corroborates  these  findings.4''  In  a  cohort  of  patients 


with  a  45%  6-month  mortality.  20%  had  an  advance  direc- 
tive and  only  6%  of  these  were  mentioned  in  the  patient's 
medical  records.  There  were  no  differences  between  the 
care  and  resource  consumption  of  those  who  had  advance 
directives  and  those  who  did  not.  Both  groups  were  equally 
likely  (about  1 3%)  to  receive  CPR  prior  to  death. 

These  recent  articles  present  a  troubling  counterpoint  to 
our  national  focus  on  advance  directives.  There  is  no  way, 
from  currently  available  data,  to  tell  which  of  the  hurdles 
listed  in  Table  1  prevent  advance  directives  from  being  ef- 
fective. It  may  be  the  case  that  everyone,  regardless  of 
whether  they  have  an  advance  directive,  is  receiving  com- 
passionate care  consistent  with  prior  wishes.  If  so,  then  it  is 
unclear  exactly  what  role  the  advance  directive  plays  in  the 
process.  Certainly  some  impediments  to  the  effectiveness 
of  advance  directives  have  been  addressed  by  the  PSDA. 
Patient  education,  discussions  with  physicians  and  surro- 
gates, and  availability  of  advance  directives  may  be  im- 
proved by  a  heightened  awareness  created  by  efforts  to 
comply  with  the  new  law.  Studying  the  effects  of  any 
changes  in  the  DNR  process  is  hampered  by  the  lack  of  an 
external  standard  for  judging  whether  any  particular  deci- 
sion has  fulfilled  the  goals  of  projected  autonomy. 

One  goal  for  which  there  is  an  easily  measured  external 
standard  is  hospital  charges.  Greater  use  of  advance  direc- 
tives and  less  aggressive  care  at  the  end  of  life  has  been  ad- 
vocated as  a  source  for  cost  reduction  in  a  health-care  sys- 
tem that  is  increasingly  cost-sensitive.  The  prospective 
studies  cited  above  found  no  difference  in  resource  utiliza- 
tion related  to  the  presence  of  an  advance  directive.  Two 
retrospective  studies  had  opposite  findings  and  showed 
large  differences  in  length  of  stay  and  hospital  charges.47-48 
Both  used  a  similar  research  strategy:  they  collected  a  list 
of  all  hospital  deaths,  reviewed  the  charts  for  evidence  of 
either  a  DNR  order  or  the  presence  of  a  discussion  about 
an  advance  directive,  totaled  the  hospital  days,  and  com- 
puted the  charges  for  care.  Patients  who  died  with  a  DNR 
order  written  before  admission  had  significantly  shorter 
hospital  stays  and  charges  than  those  without  DNR  orders. 
Patients  with  DNR  orders  written  during  the  hospitaliza- 
tion incurred  the  highest  charges  and  longest  hospitaliza- 
tions (Table  2).  The  other  study  found  that  patients  who 
died  with  an  advance  directive  documented  in  the  chart 
within  48  hours  of  admission  had  one  quarter  the  median 
hospital  charges  of  those  without  such  documentation. 4K 

These  studies  demonstrate  that  if  a  decision  to  do  less 
can  be  made  early  in  the  course  of  illness,  then  less  is 
done.  Unfortunately,  neither  retrospective  study  has  shown 
whether  advance  directives  or  preadmission  discussions 
can  facilitate  this  decision.  Patients  who  lack  a  document- 
ed advance  directive  may  have  had  a  directive  or  discus- 
sion that  the  physician  and/or  surrogates  chose  to  ignore 
on  a  given  hospital  admission.   Maksoud  and  his  col- 
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Table  2.      Length  of  Hospital  Stay  and  Charges  by  DNR  Status* 

Number  of        Median  Median 

Patients  LOSt  Charges 

(%)  (days)  ($) 


Before  admissior 

None 

After  admission 


107(13) 

4 

5,504 

227(271 

6 

32.585 

512(60) 

14 

40,342 

*  Adapted  from  Reference  47.  with  permis: 
t  LOS,  length  of  hospital  stay 


leagues47  do  not  say  exactly  how  they  ascertained  prehos- 
pital DNR  status.  If  it  was  obtained  by  chart  review,  like 
the  rest  of  the  data  from  their  article,  then  it  is  subject  to 
the  same  documentation  bias  as  the  study  by  Chambers  et 
al.48  Physicians  may  be  more  likely  to  document  advance 
directives  that  they  know  about  and  have  decided  to  fol- 
low. Therefore,  we  cannot  tell  whether  it  is  the  advance  di- 
rective that  caused  the  lower  resource  use  or  an  early  deci- 
sion to  use  fewer  resources  that  prompted  physicians  to 
document  and  follow  advance  directives. 

The  decision  to  withhold  and  withdraw  care  may  be  diffi- 
cult and  delayed  for  a  variety  of  reasons.  There  may  be  un- 
certainty in  the  patient's  prognosis,  particularly  with  regard 
to  neurologic  outcome.  There  may  be  agreement  about  out- 
come but  a  grieving  family  may  not  be  prepared  to  accept 
that  their  loved  one  has  reached  the  decision  point. 
Surrogates  may  accept  the  physician's  prognosis  and  still 
want  to  risk  any  chance  for  survival  no  matter  how  small. 
There  may  be  disagreement  among  family  members  about 
the  intent  of  a  patient's  prior  wishes  regarding  health  care. 
Clearly,  a  piece  of  paper  appointing  a  health-care  proxy  or 
listing  desired  therapies  in  hypothetical  scenarios  can  not  be 
expected  to  resolve  all  of  these  deeply  rooted  conflicts. 

The  Future  of  DNR  Orders 

The  next  decade  of  DNR  decision  research  will  try  to 
reclaim  CPR  as  a  medical  procedure  for  appropriate  cases 
rather  than  an  emergency  procedure  to  be  attempted  in  all 
cardiac  arrests.  Defining  "appropriate,"  like  "futility,"  or 
"medically  necessary"  is  a  challenge  both  for  society  and 
medical  practitioners.  The  simplest  of  such  cases  are  those 
in  which  patient,  family,  and  physician  have  already 
agreed  that  CPR  is  to  be  withheld  when  the  patient  is  dis- 
charged from  the  hospital.  There  can  be  a  no  more  tragic 
scenario  than  that  involving  a  terminally  ill  patient  who  is 
prepared  to  die  but  whose  family,  alone  and  stressed,  calls 
the  ubiquitous  9-1-1  for  help  only  to  find  that  they  have 
unleashed  a  whirlwind  of  medical  care.  Local  Emergency 
Medical  Systems,  physicians,  and  hospice  centers  should 
develop  coordinated  care  plans  so  that  families  can  have 


rapid  intensive  support  that  does  not  include  obligatory 
CPR  when  loved  ones  are  dying  at  home.41' 

Cases  in  which  a  miniscule  potential  benefit  of  CPR 
and  intensive  care  is  outweighed  by  the  burdens  they  im- 
pose present  a  more  intractable  problem.  As  data  mount  on 
the  costs  of  CPR  and  abysmal  quality-of-life  outcomes  in 
specific  populations,50  it  is  increasingly  difficult  for  clini- 
cians to  ethically  provide  and  for  society  to  pay  for  such 
care.  One  way  to  reach  consensus  on  who  these  patients 
are  is  to  do  so  at  the  community  level.  Broad  coalitions  in 
cities  like  Denver,  Colorado  and  Santa  Monica,  California 
are  convening  to  develop  lists  of  conditions  for  which  pa- 
tients will  not  receive  CPR  or  other  intensive  care.42 ■"  This 
community  based  definition  of  "futility"  avoids  the  accu- 
sation that  a  cabal  of  physicians  or  payors  are  conspiring  to 
limit  care  for  their  own  ends.  If  such  systems  are  applied 
equally  to  all  residents  of  a  community  they  avoid  the  crit- 
icisms of  economic  and  racial  bias.  It  is  still  too  early  to 
tell  how  much  authority  these  guidelines  have  or  what 
might  happen  to  those  who  persist  in  providing  excessive 
care  to  patients  on  the  list. 

Practitioners  of  critical  care  may  be  their  own  worst 
enemy  when  it  comes  to  discussing  end-of-life  decisions 
with  families.  Over  the  years  we  have  done  such  a  good  job 
promoting  CPR.  intensive  care,  and  the  technologic  mar- 
vels that  accompany  them,  that  we  may  have  actually  over- 
sold these  therapies.  Not  only  the  general  public,  but  also 
many  of  our  colleagues  whose  patients  become  critically 
ill,  have  high  expectations  of  us.  Now  is  the  time  for  orga- 
nizations with  an  interest  in  the  appropriate  use  of  CPR, 
like  the  American  Heart  Association  and  the  American 
Association  for  Respiratory  Care,  to  invest  in  patient  and 
physician  education.  For  truly  informed  consent  to  be  ob- 
tained and  utilization  of  CPR  to  be  appropriate,  providers 
and  consumers  must  be  educated  about  the  outcomes  and 
costs  of  this  care.  Perhaps  patients  need  to  have  a  more  real- 
istic view  of  CPR  and  its  consequences.  When  patients  are 
approached  about  writing  an  advance  directive,  perhaps 
they  should  view  a  film  of  a  real  resuscitation  and  be  given 
to  understand  how  unlikely  a  good  outcome  is,  for  given 
conditions.  Health-care  providers  who  advise  patients 
about  advance  directives  should  be  made  aware  of  hospital 
CPR  outcomes  data  during  their  Advanced  Cardiac  Life 
Support  recertification  classes.  Finally,  research  should 
continue  to  investigate  whether  new  formats  of  advance  di- 
rectives that  are  tailored  to  individual  ethnic,  educational, 
and  religious  backgrounds  can  improve  the  effectiveness  of 
projected  autonomous  decisions. 

Summary 

Formal  DNR  policies  have  improved  the  process  by 
which  decisions  to  withhold  CPR  are  made.  Slow  and  sham 
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codes  are  now  rare.  Communication  between  physicians 
and  patients  and  between  physicians  and  providers  of  in- 
hospital  CPR  clearly  exceeds  that  in  other  developed  coun- 
tries. Results  of  early  studies  that  examined  the  care  re- 
ceived by  those  with  and  without  advance  directives  have 
been  unable  to  document  differences.  A  more  realistic  ap- 
praisal of  the  potential  role  for  advance  directives  coupled 
with  an  emphasis  on  education  and  rational  treatment 
guidelines  should  promote  continued  improvement  in  the 
compassionate  use  of  cardiopulmonary  resuscitation. 
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Rubenfeld  Discussion 

Hamill:  What  is  your  solution  if  ad- 
vance directives  don't  have  an  im- 
pact? What  solution  would  you  sug- 
gest as  an  alternative? 

Rubenfeld:  The  provocative  answer 
to  your  question  is,  Who  cares?  If  ad- 
vance directives  don't  affect  therapy, 
then  what  we  really  need  to  do  is 
focus  on  educating  consumers  (future 
decision  makers)  and  physicians 
about  the  dismal  outcomes  in  some 
classes  of  patients  following  CPR. 
The  safer  answer  to  your  question  is 
that  we  need  to  study  CPR  decisions 
closely  to  discover  which  of  the  five 
impediments  to  projected  autonomous 
decisions  [refer  to  Table  5  in  the 
paper]  is  operating.  So,  we  need  to 
study  the  process  and  find  out  where 
it's  breaking  down. 

Hamill:  An  alternative  is  to  assign  a 
medical  power  of  attorney — perhaps, 
not  to  a  family  member  but  to  some- 
one with  whom  the  individual  can 
discuss  in  detail  what  his  or  her  ex- 
pectations are. 

Aufderheide:  As  an  emergency 
physician,  I  am  frequently  forced  to 
medically  intervene  because  of  the 
failure  of  the  primary  care  clinician  to 


ever  address  the  issue  with  their  pa- 
tients and  because  of  their  failure  to 
communicate  the  patient's  DNR  sta- 
tus during  emergency  circumstances. 
From  my  perspective,  there  are  many 
links  in  the  DNR  chain  that  easily  and 
quickly  break  down  when  stressed. 

Rubenfeld:  I  think  what  we  need  to 
do  is  to  get  clinicians  like  yourself, 
who  have  dozens  and  dozens  of  war 
stories,  together  with  directors  of 
EMS  systems  and  directors  of  nursing 
homes  and  skilled  nursing  facilities. 
This  seems  to  me  to  be  a  surmount- 
able problem  for  smart  people.  It's  a 
paperwork  problem.  It's  a  communi- 
cation problem.  It  seems  to  me  that 
now,  particularly,  with  financial  inter- 
est in  this  phenomenon  increasing, 
there'll  be  funds  available  to  prevent 
it  from  happening.  So,  putting  togeth- 
er a  stronger  "chain  of  nonsurvival" 
makes  good  sense.  Alternatively,  we 
should  include  a  DNR  link  in  the 
ACLS  chain  of  survival.  This  may 
take  away  from  the  aura  of  emergency 
response. 

Aufderheide:  As  you  mentioned,  this 
is  not  just  a  problem  with  outpatients. 
A  case  in  Wisconsin  underscores  the 
importance  of  communicating  DNR 
orders  in  the  hospital  also.  A  patient 
was  admitted  to  the  hospital  with  a 


DNR  order  written,  and  it  was  not 
well  communicated  to  the  staff.  The 
patient  arrested  and  was  successfully 
resuscitated.  He  then  spent  the  next 
year  and  a  half  of  his  life  suing  the  in- 
stitution for  the  pain  and  suffering  of 
that  additional  year  and  a  half. 

Rubenfeld:  You  can  imagine  how 
often  that  happens  in  England.  From 
the  data  I  showed  you,  the  communi- 
cation among  patients,  physicians 
who  write  DNR  orders,  and  the  nurs- 
es who  carry  them  out  is  very  poor. 
Given  the  documentation  that  occurs 
in  the  U.S.,  I  suspect  the  phenomenon 
you  cite  is  relatively  rare. 

Boudin:  Rather  than  putting  the  bur- 
den of  responsibility  on  the  primary- 
care  physician  for  educating  the  pa- 
tients about  advance  directives, 
shouldn't  the  hospitals  have  some 
type  of  obligation  to  provide  this  in- 
formation? 

Rubenfeld:  Now  they  have  a  legal 
obligation.  Right? — the  Patient  Self 
Determination  Act.  Although  I'm  not 
familiar  with  all  its  arcane  details,  it 
does  require  hospitals  to  provide 
some  information  in  a  brochure  and 
to  tell  patients  that  it's  available.  The 
data  that  are  available  now,1  which 
are  very  recent  and  preliminary,  sug- 
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gest  that  the  PSDA  has  had  little  ef- 
fect at  all  on  the  number  of  patients 
who  write  formal  advance  directives. 
It  increases  the  discussion  between 
patients  and  surrogates,  which  may 
be  a  good  thing.  But  we  don't  even 
know  that,  right? 

I  think  it's  the  obligation  of  groups 
like  this  and  for  ACLS/BLS  course 
designers  to  incorporate  available 
CPR  outcome  data  into  their  course 
curricula. 

1.  Emanuel  EJ,  Weinberg  DS,  Gonin  R, 
Hummel  LR.  Emanuel  LL.  How  well  is 
the  Patient  Self-Determination  Act 
working?:  early  assessment.  Am  J  Med 
1993;95(6):619-628. 

Sanders:  I  think  one  of  the  problems 
with  providing  outcome  data  is  the 
variability,  depending  on  external 
factors.  For  example,  if  I'm  having  a 
myocardial  infarction  in  the  coronary 
care  unit,  and  go  into  ventricular  fib- 
rillation, the  chances  of  my  being  re- 
suscitated, without  even  pumping  on 
my  chest,  is  probably  90+  %. 
Whereas,  if  I'm  in  the  middle  of 
Chicago,  it  might  be  1%.  If  I'm  in  the 
middle  of  Seattle,  it  might  be  43%. 
Yet  these  divergent  outcomes  are  all 
lumped  together  when  CPR  is  as- 
sessed. Telling  a  patient  that  there  is  a 
10%  chance  of  resuscitation  may 
only  be  true  under  some  conditions. 
In  addition,  there  is  very  little  reliable 
predictive  data  on  neurologic  out- 
come following  cardiac  arrest. 

Rubenfeld:  It  is  difficult.  Let  me  just 
answer  your  question  by  circumvent- 
ing some  of  it.  This  business  about  not 
being  able  to  predict  for  individuals 
doesn't  make  sense  because  we  predict 
for  individuals  all  the  time  in 
medicine.  Right?  Every  time  we  make 
a  decision  about  giving  thrombolytics, 
we're  basing  it  on  population  data 
from  a  clinical  trial.  So,  we  certainly 
can  provide  patients  with  information. 
But,  your  point  is  that  we  don't  know 
all  of  the  variables  thai  should  go  into 
(he  prediction.  Just  as  it  would  be  silly. 


to  quote  the  chance  of  it  raining  any- 
where in  the  world  tomorrow  as  the 
chance  of  it  raining  in  Cancun,  it 
would  also  be  silly  to  quote  to  a  patient 
the  chance  of  survival  from  in-hospital 
CPR  that  applied  to  a  whole  group  of 
hospital  patients.  It  is  a  reasonable 
guess  to  provide  someone  with  some 
individual  numbers,  based  on  his  or 
her  age  and  comorbidities.  Those  data 
do  exist  and  are  fairly  consistent — 
fairly  consistent.  This  is  what  we  have. 
The  alternative  to  that  is  saying, 
"You're  going  to  have  an  arrest,  and 
we  have  no  idea  whether  you're  going 
to  survive  or  not,"  which  is  wrong.  I 
think  we  do  have  outcome  data.  I  think 
we  need  more  of  it;  we  need  to  know 
what  the  real  predictors  are. 

Halperin:  It  seems  that  we  may  be 
trying  to  apply  a  different  standard  to 
CPR  than  we  are  to  other  medical  pro- 
cedures. I'm  a  CCU  attending,  and  I 
send  patients  to  surgery  all  the  time. 
When  I  talk  to  the  surgeons  about  any 
one  patient,  if  there's  only  a  20% 
chance  of  survival  from  surgery,  they 
usually  won't  do  it.  In  CPR,  where 
it's  just  as  morbid  and  can  commit  the 
patient  to  as  much  expenses,  we  think 
20%  is  actually  probably  pretty  good, 
and  here  we  are  arguing  over,  well, 
"Should  we  not  do  it  if  it's  1%  or 
1/2%?"  So,  I'm  not  certain  how  those 
things  reconcile.  One  other  point — 
the  survival  rates  in  ICUs  have  sky- 
rocketed since  DNR  orders  have  been 
implemented.  It's  not  clear  from  your 
presentation  how  that  really  fits  in 
with  these  outcomes. 

Rubenfeld:  Number  one  is  your 
issue  about  CPR  versus  other  medi- 
cal procedures,  and  I  think  it's  very 
important  and  very  interesting. 
That's  why  I  tried,  up  front,  to  point 
out  where  I  think  that  transition  oc- 
curred— in  1965,  when  CPR  was  ac- 
tually separated  out  from  other  medi- 
cal procedures.  It  is  different.  It's 
frequently  provided  by  nonphysi- 
cians.  It's  the  only  medical  therapy 


that  generally  requires  a  physician  to 
stop  it.  I  agree  with  you  that  it's  this 
sort  of  inconsistency  that  we  need  to 
focus  on,  but  there  are  some  psycho- 
logical differences  between  the  sur- 
geon, who  decides  to  offer  a  therapy 
to  a  patient,  then  has  them  literally 
die  in  her  hands.  I'm  not  sure  that 
psychological  difference  is  enough 
to  ...  I  mean  what  you  point  to  is 
something  we  need  to  think  about. 
We  need  to  think  about  why  we  ap- 
proach the  two  therapies  differently. 
I  think  there  are  some  inconsisten- 
cies, and  I'm  agreeing  with  you. 
Your  other  point? 

Halperin:  It's  just  about  the  DNR  or- 
ders increasing  survival  rates  in 
ICUs. 

Rubenfeld:  Well,  I  think  that's  the 
same  reason  why  the  survival's  better 
at  the  University  of  Virginia.  We're 
picking  out  a  better  population  of  pa- 
tients, and  I  think  that  is  one  of  the 
great  successes  of  DNR  orders. 

Kaye:  As  you've  outlined,  a  major 
problem  is  that  the  practicing  physi- 
cian really  is  unaware  of  the  many  pa- 
pers that  address  predictors  of  poor 
outcome.  I  think  that  the  Heart 
Association  has  a  responsibility  to  re- 
view the  outcome  literature  and  give 
some  direction.  All  ACLS  guidelines 
include  many  recommendations  that 
they  label  as  Class  lib,  "acceptable, 
possibly  helpful"  and  I  think  that  they 
can  look  at  the  outcome  literature  in 
the  same  way.  The  practicing  physi- 
cian needs  to  be  provided  with  that  in- 
formation so  that  he  can  make  a  ratio- 
nal decision.  I  think  that's  the  respon- 
sibility of  the  Heart  Association,  and  I 
think  that  clearly  should  be  done. 

Rubenfeld:  Nothing  would  make  me 
happier.  If  that  information  could  be 
part  of  the  ACLS  syllabus. 

Kaye:  Make  them  Class  lib  recom- 
mendations, if  you  like! 
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Sanders:  The  American  Heart 
Association  has  provided  criteria  for 
assessing  futility  and  has  reached 
consensus  on  some  conditions.  For 
example,  metastatic  cancer  is  listed 
as  a  condition  with  a  poor  prognosis 
for  resuscitation  from  cardiac  arrest. 
Unfortunately,  prognostic  data  are 
not  available  on  many  diseases  be- 
cause good  clinical  studies  have  not 
been  done. 

Sanders:  You  can  suggest  other 
things — AIDS  with  2  episodes  of 
PCP,  for  example.  The  evidence  from 
clinical  studies  can  be  presented  to  a 
consensus  panel  of  experts.  The  AHA 
provides  the  framework  and  guide- 
lines for  assessing  scientific  evidence 
and  achieving  consensus.  This,  as 


we've  stated  previously,  cannot  be 
done  on  an  individual  basis  where 
bias  becomes  an  important  factor. 

Kaye:  The  Heart  Association  has 
only  begun  developing  consensus  on 
outcome  predictors.  They  need  to  go 
much  faster. 

Rubenfeld:  But  the  Heart 
Association  has  convened  panels;  it 
has  done  that.  Now,  you  may  not 
agree  with  everything  they  say,  or  it 
may  need  updating.  It's  been  a  couple 
of  years,  but  it  is  an  active  process. 

Pepe:  One  of  the  problems  that  I  see 
is  that  it  is,  and  must  be,  a  multifacto- 
rial prediction  formula.  Overall,  a 
person  may  have  a  25%  chance  of 


surviving  an  arrest  that  occurs  right  in 
front  of  somebody  else.  However, 
survival  chances  are  a  lot  less  for  the 
subcategory  of  persons  who  present 
asystolic  and  gets  a  pulses  back  15 
minutes  out,  or  those  over  70  years 
old.  There  is  still  a  chance  of  sur- 
vival; it's  just  less.  Prediction  is  a 
multifactorial  equation.  As  a  result,  a 
physician's  judgment  is  probably  re- 
quired to  predict  futility.  But  even  the 
best  physicians  have  to  be  supplied 
all  those  predictive  data  points  in 
some  kind  of  context.  I  think  what 
everyone  wants  is  more  data  with 
which  to  make  these  decisions. 

Rubenfeld:  I  couldn't  agree  with  you 
more. 
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Introduction 

Long-term  survival  from  cardiac  arrest  is  actually  deter- 
mined by  several  related  factors:  the  pre-existing  condition 
of  the  patient,  the  cause  of  the  arrest,  the  duration  of  the  ar- 
rest before  resuscitation  is  begun,  basic  and  advanced  car- 
diac life  support  (BLS  and  ACLS),  postresuscitation  care, 
and  rehabilitation.1  The  effect  of  BLS  and  ACLS  on  long- 
term  survival  depends  on  both  the  response  time  and  the 
quality  of  the  intervention. 

The  sooner  resuscitation  is  initiated  after  cardiac  arrest, 
the  more  likely  the  patient  is  to  survive.  Eisenberg's 
group2-3  has  unequivocally  demonstrated  that  time  to  initi- 
ation of  cardiopulmonary  resuscitation  (CPR)  and  time  to 
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definitive  care  are  the  critical  components  associated  with 
successful  outcome.  A  short  time  to  initiation  of  CPR 
without  a  relatively  rapid  time  to  definitive  care  is  little 
better  than  if  the  initiation  of  CPR  is  delayed.  Similarly, 
relatively  immediate  definitive  care  that  follows  a  delay  in 
the  initiation  of  CPR  also  produces  a  poor  outcome. 

Both  outside  and  within  the  hospital,  there  must  exist  an 
integrated  system  that  includes  mechanisms  for  communi- 
cation and  rapid  response  by  properly  trained  and 
equipped  personnel.4  7  Within  hospital,  all  personnel  who 
have  direct  patient  contact  must  be  trained  in  CPR  and 
early  defibrillation  as  first  responders.  All  house  officers 
as  well  as  all  medical  and  paramedical  personnel  who  staff 
emergency,  intensive  and  coronary  care  units,  operating 
rooms  and  post-anesthesia  recovery  rooms,  angiography 
and  cardiac  catheterization  laboratories;  and/or  who  are 
members  of  the  hospital  ACLS/Code  team  who  respond  to 
any  arrest  in  the  hospital  must  be  trained  in  advanced  re- 
suscitation techniques.  Each  hospital  must  have  a  formal- 
ized plan  for  management  of  cardiac  arrest. 

History  of  Resuscitation  Training 

Following  the  publication  by  Kouwenhoven,  Jude,  and 
Knickerbocker  of  the  landmark  paper  describing  CPR,8  a 
curriculum  for  training  was  developed  in  1961.9-10  The 
Resusci-Anne  mannequin,  designed  by  Asmund  Laerdal  in 
the  late  1950s  to  train  school  children  in  Norway  in  rescue 
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breathing11"13  was  modified  to  permit  external  chest  com- 
pression. Subsequently,  through  the  Maryland  Affiliate  of 
the  American  Heart  Association  (AHA),  the  training  pro- 
gram was  made  available  to  all  AHA  affiliates  and  its  use 
rapidly  spread  throughout  hospitals  in  the  U.S.14"16 

In  an  editorial  in  Circulation  in  1962,17  closed-chest 
CPR  was  endorsed  as  a  medical  procedure.  Subsequently, 
the  method  was  reclassified  as  an  emergency  procedure  in 
196518  and  was  endorsed  by  the  AHA.  American  National 
Red  Cross,  and  other  national  organizations.  It  was  strong- 
ly recommended  that  the  technique  be  applied  by  properly 
trained  individuals  in  medical,  dental,  nursing,  and  allied 
health  professions,  and  on  rescue  squads.  At  a  conference 
on  CPR  sponsored  by  the  National  Research  Council  in 
1966.  the  Ad  Hoc  Committee  on  Cardiopulmonary 
Resuscitation  formulated  guidelines  both  for  the  steps  and 
sequences  of  exhaled  air  ventilation  (rescue  breathing)  and 
CPR.  and  for  training  programs.14 

During  the  1960s,  the  feasibility  of  training  the  general 
public  by  lay  instructors  became  established.  At  the 
National  Conference  on  Standards  for  Cardiopulmonary 
Resuscitation  and  Emergency  Cardiac  Care  (ECC)  held  in 
1973,19-20  it  was  recommended  that  BLS  CPR  training  pro- 
grams be  extended  to  the  general  public,  and  that  integrat- 
ed communitywide  stratified  programs  of  emergency  car- 
diac care  be  generated  as  part  of  a  comprehensive  emer- 
gency medical  services  (EMS)  system.  The  conference 
also  recommended  that  training  in  CPR  and  emergency 
cardiac  care  be  according  to  AHA  Standards  and  that  certi- 
fication of  competency  at  the  various  levels  of  life  support 
be  based  on  nationally  standardized  curricula  that  include 
both  written  and  performance  tests.  These  recommenda- 
tions were  reinforced  at  the  1979.  1985,  and  1992  AHA 
Conferences  of  CPR  and  ECC42'-2'  and  in  the  AHA  BLS 
Training  Manuals.2429 

Based  on  the  1973  Standards,  in  1975  the  AHA  ACLS 
Training  Program,30'31  modeled  after  a  program  developed 
by  Carveth  et  al32  was  introduced;  instructors  were  trained; 
and  the  course  was  given  to  physicians  and  nurses, 
paramedics  and  paramedic  students,  and  later  to  medical 
students  throughout  the  U.S.  The  ACLS  Textbook  and 
Instructor's  Manuals  have  been  revised  after  each  of  the 
AHA  Standards  Conferences  of  1979,  1985  and  1992.  with 
the  most  recent  revision  in  1994.21 22 333S 

Evaluation  of  Resuscitation  Knowledge  &  Skills 

The  purpose  of  resuscitation  education  is  to  translate 
the  science  of  BLS  and  ACLS  into  classroom  performance 
with  transfer  to  actual  clinical  practice.  The  goal  of  the 
AHA  BLS  and  ACLS  training  programs  is  to  provide  cog- 
nitive, psychomotor,  and  interactive  skills  for  physicians, 
nurses,  and  other  health-care  professionals  (and  for  BLS. 


lay  citizens  as  well).4-29-37-38  These  programs  enable  health 
care  professionals  to  understand  and  respond  appropriately 
in  accordance  with  the  AHA  standards  for  CPR  and  emer- 
gency care,  and  maximize  the  likelihood  of  successful  re- 
suscitation. 

Basic  Resuscitation  Skills 

We  recently  reviewed  38  studies  (published  between 
1966  and  1987)  of  the  effect  of  course  design  and  length, 
and  refresher  training  on  initial  learning  and  retention  of 
1-rescuer  CPR  skills  of  physicians,  nurses,  emergency 
medical  technicians  at  all  levels,  and  the  general  public.39 
All  studies3972  described  poor  retention  of  CPR  skills  by 
all  groups  studied,  as  early  as  2  weeks  after  initial  training. 
However,  certain  patterns  emerged  that  are  important  not 
only  for  initial  training  but  also  for  refresher  training. 
Videotape  or  film  viewing  (even  without  mannequin  prac- 
tice), posters,  instruction  over  the  telephone,  and  self-in- 
structional programs  with  mannequin  practice  using  charts 
and  interactive  computer-video  disk  systems  can  provide 
some  (if  not  all)  CPR  skills.  Retention  can  be  enhanced  by 
video  and  film  viewing,  posters,  written  materials,  and 
mannequin  practice.44-45-62-63-65-68-69-7176  Moreover,  we  have 
demonstrated  that  the  problem  of  poor  retention  may  be 
due  to  inadequate  instruction  and  practice  time,  so  that  the 
student  never  learned  in  the  first  place!39 

Advanced  Resuscitation  Skills 

ACLS  skill-retention  studies  have  also  been  discourag- 
ing. Lowenstein  et  al77  found  that  ventricular  tachycardia, 
ventricular  fibrillation,  asystole,  and  complete  heart  block 
were  managed  poorly  by  medical  and  surgical  house  offi- 
cers, and  prior  ACLS  training  had  no  effect.  Stross78  found 
that  physicians  tested  1  year  after  ACLS  training  per- 
formed poorly  in  management  of  simulated  rhythm  distur- 
bances, but  retention  was  improved  in  those  who  had  re- 
ceived quarterly  mailings  of  reprints  related  to  ACLS  ob- 
jectives and  patient  treatment  problems. 

Shannon  et  al79  also  tested  59  surgeons  in  airway  man- 
agement skills,  use  of  monitor  and  defibrillator,  and  recog- 
nition and  treatment  of  ventricular  tachycardia  and  fibrilla- 
tion, asystole,  and  complete  heart  block.  Of  those  5 1  sur- 
geons, 51%  were  able  to  manage  the  airway  and  insert  an 
endotracheal  tube,  64%  could  operate  the  defibrillator,  and 
56%  recognized  all  4  malignant  dysrhythmias,  but  only 
19%  treated  the  dysrhythmias  correctly.  Only  defibrilla- 
tion and  dysrhythmia  recognition  were  performed  signifi- 
cantly better  by  those  previously  trained  in  ACLS. 

Mancini  and  I8"  evaluated  the  performance  of  ACLS- 
trained  medical  residents  as  team  leaders  during  actual  re- 
suscitations. Our  evaluation  identified  improper  CPR  per- 
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formance,  poor  team  leadership  and  patient  assessment, 
difficulties  with  equipment,  and  failure  to  follow  the  cor- 
rect treatment  algorithms.  We81  also  tested,  in  the  class- 
room without  prior  warning,'2  medical  residents  and  9 
critical  care  nurses  previously  trained  in  ACLS. 
Dysrhythmias  were  well  recognized  by  all.  The  poorest 
performance  was  in  assessment  and  problem  solving.  The 
problems  that  were  identified  in  the  classroom  during 
Megacode  testing  were  the  same  as  those  identified  in  the 
clinical  setting. 

Nelson1*2  studied  the  performance  of  64  medical  stu- 
dents who  had  been  trained  to  intubate  as  part  of  an  ACLS 
course,  2  to  3  months  after  training.  The  rate  of  successful 
intubation  (confirmed  by  visualization)  was  only  70%.  The 
most  frequent  errors  were  failure  to  check  the  light  before 
intubation,  use  of  the  teeth  as  a  fulcrum,  and  failure  to 
check  the  cuff  on  the  endotracheal  tube. 

Using  a  computer  simulation  program,  Schwid  and 
O'Donnell83  tested  anesthesiologists  in  the  management  of 
a  cardiac  arrest  due  to  ventricular  fibrillation  in  the  operat- 
ing room.  Only  40%  of  anesthesia  residents,  30%  of  at- 
tending anesthesiologists,  and  20%  of  anesthesiologists  in 
private  practice  managed  the  arrest  correctly.  The  most 
common  errors  involved  incorrect  drug  dosages  (43%),  in- 
correct defibrillator  use,  which  included  administering  in- 
adequate power  levels  and  not  defibrillating  as  often  as  rec- 
ommended (40%),  failure  to  hyperventilate  (30%),  and 
failure  to  turn  off  the  anesthesia  vaporizer  (23%). 
Moreover,  subjects  with  ACLS  training  in  the  prior  6 
months  did  well  (70%  correct  performance)  whereas  those 
with  ACLS  training  more  than  6  months  prior  to  evaluation 
had  markedly  worse  management.  No  anesthesiologist 
with  ACLS  training  completed  more  that  2  years  prior  to 
evaluation  and  no  anesthesiologist  without  previous  ACLS 
training  followed  the  recommended  AHA  algorithm. 

Effect  of  Training  on  Survival  from  Cardiac  Arrest 

Prehospital  Arrest 

Studies  of  prehospital  resuscitation  from  cardiac  arrest 
due  to  ventricular  fibrillation  demonstrate  strong  support 
for  the  "Chain  of  Survival"  concept:  early  activation  of 
EMS  system,  prompt  CPR,  early  defibrillation,  and 
ACLS.8498  Survival  to  hospital  discharge  following  pre- 
hospital arrest  in  communities  with  a  strong  chain  may  ex- 
ceed 30%. ''8  There  are  no  before-training-after-training 
studies  regarding  survival  from  cardiac  arrest  outside  of 
the  hospital.  Nevertheless,  it  is  clear  that  the  beneficial  ef- 
fect on  survival  of  bystander  CPR  and  prompt  defibrilla- 
tion were  dependent  on  the  lay  public  trained  in  CPR  and 
on  emergency  medical  technicians  (EMTs)  and 
paramedics  trained  in  early  defibrillation  and  ACLS."10 


Moreover,  without  trained  responders.  survival  can  be  pre- 
dicted to  be  low,  if  not  zero. 

In-Hospital  Arrests 

Two  reviews  of  14,765  in-hospital  resuscitations  be- 
tween 1960  and  1993<WI(K)  demonstrated  that  average  sur- 
vival to  hospital  discharge  has  remained  around  15%.  No 
improvement  has  occurred  during  the  3  decades  despite  in- 
creased attention  to  resuscitation  practice  during  that  inter- 
val, including  ACLS  training  that  began  in  the  U.S.  in  1975. 
The  Resuscitation  Council  of  the  United  Kingdom  (UK)  re- 
cently studied  3,765  in-hospital  arrests;  although  no  orga- 
nized ACLS  program  was  in  place,  survival  was  also 
15%!K"  A  few  studies  have  looked  specifically  at  the  effects 
of  training  on  survival  from  cardiac  arrest  in  the  hospital. 

In  1979,  Chamberlain's  group102  demonstrated  that 
ward  nurses  could  be  trained  to  recognize  and  manage 
ventricular  fibrillation  with  defibrillation  before  arrival  of 
either  the  arrest  team  or  physicians.  Such  a  program  result- 
ed in  restoration  of  spontaneous  circulation  in  74%  of  pa- 
tients who  arrested  because  of  ventricular  fibrillation  on 
the  general  medical  wards,  with  45%  surviving  to  hospital 
discharge.  However,  no  data  regarding  survival  before  im- 
plementation of  this  program  were  presented. 

In  1986,  Lowenstein  et  al,103  using  retrospective  chart 
review,  reported  on  the  benefits  of  training  physicians  with 
the  AHA  ACLS  Training  Program.  In  the  6-month  interval 
between  September  1979  and  March  1980,  during  which 
time  there  was  no  basic  or  advanced  resuscitation  training 
for  house  officers,  short-term  survival  (restoration  of  pulse 
and  blood  pressure  for  at  least  1  hour  after  cessation  of  re- 
suscitation efforts)  was  32%  and  long-term  survival  to 
hospital  discharge  was  13%.  Following  training  of  all 
house  staff  in  ACLS,  during  the  6-month  interval 
September  1982  to  March  1983  short-term  survival  in- 
creased to  60%  short  term  survival  (p  -  0.009),  with  23% 
long-term  survival.  Unfortunately,  the  increase  in  long- 
term  survival  was  not  significantly  different  compared  to 
pre-training. 

Levy  et  al104  in  1992  in  the  UK  investigated  the  effect  of 
the  Guidelines  first  published  in  1984  by  the  Resuscitation 
Council  of  the  UK  on  drug  usage  and  survival  to  hospital 
discharge  following  in-hospital  cardiac  arrest.  No  formal 
ACLS  training  program  existed  during  the  period  studied. 
Between  1982  and  1991  there  were  667  arrests;  yearly  sur- 
vival remained  at  15%.  Bicarbonate  usage  declined  to  zero 
by  1990,  and  epinephrine  usage  for  asystole  increased 
from  63  to  72%  between  1982-1988  and  to  92%  by  1992. 
In  short,  although  drug  usage  followed  the  UK  Guidelines, 
survival  to  hospital  discharge  was  unchanged. 

Seidlin  and  Bridges1"5  studied  the  effect  on  outcome  of 
cardiac  arrest  following  training  of  UK  junior  house  offi- 
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cers  in  a  6-hour  course.  Initial  and  long-term  survival  were 
no  different  before  and  after  training.  They  concluded  that 
training  of  junior  house  officers  alone  is  not  an  effective 
strategy  for  improving  survival  from  cardiac  arrest. 

Saunders  et  al101'  evaluated  the  effect  of  ACLS  training 
in  a  small  rural  hospital  on  long-term  outcome  following 
both  prehospital  and  in-hospital  cardiac  arrest.  In  the  13- 
month  period  before  ACLS  training  (no  physician  and 
15%  of  nurses  were  "certified"  in  ACLS)  there  were  29  ar- 
rests; 2  patients  (7%)  had  restoration  of  spontaneous  circu- 
lation (ROSC)  to  allow  transfer  to  an  urban  medical  center, 
with  1  patient  (3%)  surviving  to  hospital  discharge.  In  a 
second  13-month  period  following  ACLS  training  (70%  of 
nurses  and  physician  assistants  and  50%  of  physicians) 
there  were  35  arrests.  Of  the  35  patients,  7  (20%)  had 
ROSC  and  were  transferred;  2  patients  (7%)  survived  to 
hospital  discharge  The  difference  was  not  significant. 
However,  85%  of  the  arrests  seen  during  the  2  study  peri- 
ods were  prehospital,  and  EMTs  provided  only  CPR  with 
no  defibrillation. 

Improving  Retention  &  Performance 

It  is  important  to  discuss  not  only  the  reasons  for  reten- 
tion, but  also  initial  learning  as  well.  Does  the  problem  lie 
with  the  student,  the  curriculum,  or  the  instructor?1,39,107*115 
Two  areas  may  relate  to  the  student.  A  natural  decrement 
occurs  without  reinforcement  of  newly  acquired  psy- 
chomotor skills  as  time-since-training  increases.  This  may 
be  improved  both  by  initial  overtraining  and  by  periodic 
refresher  training.  And,  as  demonstrated  by  several  of  the 
studies  of  BLS,  the  student  may  never  have  learned  the 
necessary  skills  in  the  first  place.38  The  instructor  may  not 
allow  adequate  practice  and  remediation  for  skill  (and 
knowledge)  mastery;  and  ongoing  evaluation  to  document 
student  problems  may  be  deficient.110,111,114,116 

There  may  be  problems  with  the  curriculum.  Especially 
with  basic  CPR  performance,  the  minimum  number  of  ven- 
tilations and  compressions,  rate  and  ratio  required  to  sus- 
tain life  have  never  been  defined  as  a  basis  for  the 
Standards.8-914  28  Nevertheless,  the  basic  CPR  routine  was 
specified  down  to  the  second  in  the  previous  AHA  BLS 
Training  Programs,  with  a  specific  number  of  required 
compressions  and  ventilations  per  minute,  and  with  each 
cycle  length,  compression  rate  and  depth,  ventilation  rate, 
and  volume  defined  within  a  very  narrow  range.  Many  of 
these  rigid  criteria  were  based  not  on  animal  or  human  data, 
but  on  either  performance  by  "experienced"  CPR  providers 
on  recording  CPR  mannequins  or  by  Committee  consensus. 
The  new  BLS  training  program  has  addressed  these  issues, 
and  performance  criteria  have  become  much  less  rigid.429 

The  goals  of  the  training  programs  and  the  minimum 
knowledge  and  skill  objectives  based  on  the  goals  must  be 


defined  in  order  to  determine  course  content.  The  length  of 
the  training  program  must  be  based  on  content,  and  the 
program  must  not  include  more  information  than  neces- 
sary. Although  performance  objectives  have  been  written 
and  incorporated  into  checklists  for  teaching  and  test- 
ing, 29,7more  information  than  necessary  is  being  transmit- 
ted to  the  student  in  both  the  BLS  and  ACLS  training  pro- 
grams.29" Patterns  that  are  complex  or  that  offer  the  learn- 
er many  choices  for  action  require  more  time  to  learn  than 
may  be  available  in  the  training  programs.  The  individual 
skills  and  information  must  fit  together  and  make  sense  be- 
fore the  learner  can  store  the  material  in  memory  for  later 
retrieval."17 "115  That  an  individual  can  learn  immediately 
and  effectively  to  perform  if  directions  are  simple  and 
clear  is  demonstrated  by  the  development  and  implementa- 
tion of  emergency  CPR  instruction  by  telephone.68 

Knowledge  and  skill  testing  based  on  the  program  ob- 
jectives are  important  means  of  ensuring  learning.1"'""8 
Pretesting  indicates  to  the  student  what  is  expected  and  es- 
tablishes his  or  her  level  before  training.  Posttesting  at  the 
end  of  the  course  (or  each  session)  not  only  allows  evalua- 
tion of  learning  and  the  effectiveness  of  the  course,  by  both 
student  and  teacher,  but  also  reinforces  learning.  Retention 
testing,  while  also  reinforcing  learning,  indicates  whether 
refresher  training  is  needed."8 

Advanced  Resuscitation  Training 

Junior  house  staff,  junior  nurses,  respiratory  therapists, 
and  medical  students  usually  transfer  leadership  for  man- 
agement of  a  cardiac  arrest  to  a  more  senior  person  once  he 
or  she  arrives.  These  junior  personnel  need  only  the  knowl- 
edge and  skills  to  manage  effectively  the  first  5-10  minutes 
of  cardiac  arrest  and  to  work  as  team  members  rather  than  as 
team  leader  once  more-senior  personnel  arrive.  The  full  2- 
day  AHA  ACLS  course  may  be  too  elaborate  for  beginners. 

Based  on  this  goal,  we  designed  and  validated  two  core 
ACLS  Courses:  a  6-h  course  in  the  UK  taught  in  three  2-h 
sessions  for  junior  house  officers"9  and  a  10-12  h  course  in 
the  U.S.  taught  in  2  or  3  sessions  for  junior  house  officers, 
critical  care  nurses,  and  medical  students.120  The  courses 
emphasized  practical  skills,  with  most  teaching  in  skill  sta- 
tions rather  than  by  lectures.  The  core  objectives  included 
algorithms  for  life-threatening  dysrhythmias;  skills  of  CPR 
(airway  and  ventilation,  intubation,  monitoring  and  defib- 
rillation, and  assembly  and  operation  of  equipment);  imme- 
diate postresuscitation  care;  principles  and  priorities  of 
leader  and  team  member  roles  (Megacode).  Testing,  fol- 
lowed AHA  Guidelines  and  included  written  multiple- 
choice  questions  and  cardiac-rhythm-recognition  and  treat- 
ment tests;  and  practical  tests  of  bag-mask  ventilation,  intu- 
bation, and  management  of  ventricular  fibrillation.  All 
subjects  in  the  UK  and  U.S.  were  pretested  (using  the  same 
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instruments),  were  taught  the  course,  and  were  tested  im- 
mediately following  training  and  again  5-8  months  later. 
All  showed  significant  learning  and  retention.  In  the  UK  we 
demonstrated  that  experience  as  a  junior  house  officer  is 
not  a  substitute  for  practical  training  in  advanced  resuscita- 
tion. In  the  U.S.  study,  retention  at  6  months  by  subjects 
who  had  been  taught  the  core  course  was  the  same  as  those 
taught  the  AHA  ACLS  Course,  but  retention  at  10  months 
by  subjects  taught  the  core  ACLS  Course  was  better.  The 
core  ACLS  Course  was  shorter  and  as  effective  as  the  AHA 
ACLS  Course.  This  core  course  served  as  a  model  for  the 
new  case-based  1-day  ACLS  course  recently  included  in 
the  new  ACLS  Instructors  Manual.'7 

A  brief  refresher  course  offered  during  the  first  year  after 
training  should  improve  retention.  One  year  following  this 
core  course  personnel  should  be  offered  a  more  advanced 
course.  The  advanced  course  would  reinforce  all  knowledge 
and  skills  of  the  initial  course,  but  would  place  more  empha- 
sis on  cognitive  knowledge,  problem  solving,  management 
of  the  arrest  beyond  the  first  5-10  minutes,  including  postre- 
suscitation  management,  and  leadership  skills. 

Rather  than  trying  to  design  an  ideal  course,  efforts 
should  be  directed  to  ensuring  that  performance  standards 
and  curriculum  are  based  on  the  minimum  required  to 
maintain  or  save  life  (especially  important  for  basic  CPR 
and  core  ACLS);  and  that  instructors  teach  in  a  standard- 
ized manner,  allow  adequate  time  for  practice  of  psy- 
chomotor skills,  and  evaluate  performance  accurately.  In 
addition,  innovative  means  (described  above  in  the  studies 
on  retention  and  performance)  for  refresher  training  need 
to  be  developed  (ie,  videos,  films,  posters,  computer  simu- 
lations, and  written  materials44-45-63-65,68-69-71-76). 

The  new  AHA  ACLS  Program  has  been  designed  to  ad- 
dress some  of  these  issues."  Subject-based  knowledge  and 
skills  are  no  longer  covered  in  individual  lectures  and 
teaching  stations  but  are  distributed  in  a  series  of  case- 
based  clinical  scenarios  that  follow  the  ACLS  Algorithms. 
Several  different  course  designs  and  lengths  are  offered  as 
examples  and  can  be  selected  or  modified  by  the  course  di- 
rector, depending  upon  the  needs  of  the  course  partici- 
pants. Each  course  is  designed  to  provide  a  positive  learn- 
ing environment  to  help  participants  master  knowledge 
and  skills,  with  evaluation  used  as  a  personal  teaching  tool 
rather  than  as  a  certification  tool  or  to  define  "pass  or  fail." 
Studies  evaluating  the  effect  of  this  new  paradigm  on  ini- 
tial training  and  retention  are  not  yet  available. 

Improving  Outcome  following  In-Hospital 
Cardiac  Arrest 

As  mentioned  above,  survival  to  hospital  discharge  fol- 
lowing prehospital  arrest  in  communities  with  a  strong 
Chain  ol  Survival  may  exceed  30%.  Hut.  long-term  sur- 


vival following  in-hospital  cardiac  arrest  remains  much 
lower,  averaging  15%.  With  immediate  care  available, 
should  not  in-hospital  survival  be  greater  than  prehospital? 
Most  prehospital  arrests  are  due  to  primary  ventricular 
fibrillation  from  myocardial  ischemia  in  patients  who  ap- 
pear otherwise  healthy.2-3,84-86"121  In  the  coronary  care  unit, 
survival  following  ventricular  fibrillation  arrest  may  ap- 
proach 90%. I22125  But  in-hospital  arrest  outside  of  CCU 
usually  occurs  in  sick  patients  with  single  or  multiple 
organ  system  dysfunction.  Moreover,  despite  better  accep- 
tance of  policies  for  withholding  CPR.  the  federal  law 
mandating  advanced  directives,  and  a  growing  body  of 
data  that  allow  prediction  of  poor  outcome  following  ar- 
rest,126 i:t'  many  patients  still  receive  inappropriate  CPR. 

Automated  External  Defibrillation  by 
In-Hospital  First  Responders 

Better  BLS  and  ACLS  alone  may  not  be  the  real  solu- 
tion.1 The  AHA  has  expanded  early  defibrillation  as  the 
standard  of  care4*4'"1 ' "'  to  include  the  use  of  automated  ex- 
ternal defibrillators  (AEDs)  by  first  responders  trained  in 
BLS,  for  both  prehospital  and  in-hospital  cardiac  arrest 
due  to  pulseless  ventricular  fibrillation.130"141 

The  rationale  for  early  defibrillation  is:  S4,96,i2i.i30.t39-i4i 

•  The  most  frequent  initial  rhythm  in  sudden  cardiac 
arrest  is  ventricular  fibrillation. 

•  Ventricular  fibrillation  is  chaotic  electrical  activity 
of  the  heart  with  no  pumping  action. 

•  The  most  effective  treatment  for  ventricular 
fibrillation  is  electrical  defibrillation. 

•  The  probability  of  successful  defibrillation 
diminishes  rapidly  over  time. 

•  Ventricular  fibrillation  tends  to  deteriorate  to 
asystole  within  a  few  minutes. 

Early  defibrillation  using  AEDs  by  first  responders  is  in 
place  in  several  prehospital  emergency  medical  sys- 
tems.ss')s  But,  no  in-hospital  first-responder  defibrillation 
programs  exist  except  in  critical  care  areas  where  nurses 
are  trained  to  recognize  and  treat  ventricular  fibrillation 
with  conventional  defibrillators.  Outside  critical  care- 
areas,  staff  nurses  trained  in  BLS  (usually  the  first  respon- 
ders) provide  only  CPR  until  the  arrival  of  the  resuscita- 
tion team.  The  resuscitation  team  provides  defibrillation 
and  advanced  life  support. 

The  Chain  of  Survival  should  operate  both  out  of  hospi- 
tal and  in  hospital.  Because  survival  is  inversely  propor- 
tional to  the  duration  of  ventricular  fibrillation.  AEDs  used 
by  first  responders  (BLS-AED)  in-hospital  should  shorten 
the  time  to  defibrillation  and  thereby  increase  survival  to 
hospital  discharge  of  hospitalized  patients  with  pulseless 
ventricular  fibrillation. 
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We  have  recently  completed  a  study  to  determine,  be- 
fore implementing  an  in-hospital  first  responder  AED  pro- 
gram, whether  staff  outside  critical  care  areas  who  were  al- 
ready proficient  in  BLS  could  be  easily  trained  to  use 
AEDs  and  would  retain  these  skills.142  Participants  were 
140  nurses  who  had  previously  learned  BLS  and  were  the 
staff  from  three  medical/surgical  nursing  units  in  two  uni- 
versity teaching  hospitals.  The  nurses  were  taught  how  to 
use  the  Heartstart  1000s,  (Laderal  Medical  Corp,  Armonk 
NY)  a  light-weight  portable  shock-advisory  AED,  in  a 
2-hour  class  with  an  instmctor-and-mannequin-to-student 
ratio  of  1:5.  The  course  emphasized  hands-on  practice  of 
the  BLS-AED  algorithm  on  a  computerized  mannequin. 
Using  a  similar  scenario,  each  nurse  was  evaluated  on  the 
computerized  mannequin  immediately  after  training  (post- 
test).  At  1-3,  4—6,  and  7-9  months  after  initial  training, 
convenience  samples  of  the  cohort  in  three  different 
groups  were  evaluated  for  retention.  Satisfactory  perfor- 
mance was  defined  as  delivery  of  the  first  AED  shock 
within  2  minutes  of  recognition  of  the  arrest.  On  the  post- 
test  after  training,  139/140  nurses  (=99%)  demonstrated 
satisfactory  performance.  For  retention,  77  nurses  were 
evaluated;  31/32  between  1-3  months,  18/18  between  4—6 
months,  and  24/27  between  7-9  months  after  initial  train- 
ing (95%  overall)  performed  satisfactorily. 

Automated  external  defibrillation  is  a  basic-life  support 
skill  and  should  be  incorporated  into  all  BLS  training  pro- 
grams (BLS-AED)  for  all  hospital  personnel  expected  to 
respond  to  a  cardiac  arrest  (including  physicians,  nurses, 
physician  assistants,  respiratory  therapists,  radiology  tech- 
nicians, and  students),  with  rapid  defibrillation  taking  pri- 
ority over  CPR.142 144  Because  the  dysrhythmia  detection 
algorithms  in  the  AEDs  are  sensitive  and  specific  in  recog- 
nizing shockable  rhythms,145  there  is  no  need  to  train  the 
operator  to  recognize  ventricular  fibrillation  or  ventricular 
tachycardia  or,  for  that  matter,  any  dysrhythmia.  The  first 
responders  need  only  recognize  that  the  patient  is  unre- 
sponsive, apneic,  and  pulseless  before  attaching  and  acti- 
vating the  AED.  Less  training  time  is  needed  to  learn  to 
use  an  AED  than  to  learn  dysrhythmia  recognition  and  op- 
eration of  a  conventional  defibrillator.  Moreover,  as  our 
retention  data  confirm  application  of  an  easy-to-operate 
AED  remains  effective  in  an  environment  in  which  first  re- 
sponders may  have  only  rare  exposure  to  a  cardiac  arrest. 

Identifying  those  patients  who  should  not  be  offered 
CPR,  terminating  resuscitation  attempts  when  outcome 
can  be  predicted  to  be  poor,  early  first-responder-defibril- 
lation,  effective  CPR  if  defibrillation  is  unsuccessful  or  not 
indicated,  and  early  ACLS  by  well-trained  providers 
should  allow  long-term  survival  from  in-hospital  arrest  to 
approach  that  of  prehospital  arrest.146 
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Kaye  Discussion 

Barnes:  I  found  that  really  interest- 
ing. Bill.  You  said  you're  using  the 
written  exam  differently  now.  Could 
you  expand  a  little  further  under  the 
new  ACLS  training  program:  how 
are  you  using  the  written  exam? 

Kaye:  We  have  two  written  exams  as 
posttests.  One  is  multiple  choice,  the 
other  arrhythmia  recognition  and 
treatment  If  students  do  poorly,  we 
bring  them  back  in  small  groups  and 
go  over  each  question,  review  the 
correct  answers,  and  have  them  take 


the  test  again.  Our  job  is  to  make 
them  learn,  not  pass  or  fail.  The  CPR 
police  have  resigned. 


Durbin:  They  stil 
level. 


exist  at  the  state 


Bishop:  Your  slide  referred  to  Schwid 
&  O'DonneJl's  study.  The  authors 
also  publish  a  CPR  simulation.  Their 
study  is  excellent.  I'd  like  to  hear  your 
comment  on  simulation  as  an  educa- 
tional tool  because  simulated  cases  are 
a  way  of  teaching  and  refreshing  peo- 
ple on  ACLS.  I'd  also  like  to  point  out 
that  the  high  error  rate  you  noted 


among  anesthesiologists  in  the  study 
by  Schwid  included  many  trivial  er- 
rors that  wouldn't  affect  the  patient 
outcome — such  as  whether  you  felt 
for  a  pulse  after  each  shock,  which,  in 
fact,  has  been  changed  since  the  time 
of  the  study.  Many  of  the  errors  would 
not  affect  outcome.  I  think  it,  proba- 
bly, way  underestimates  the  knowl- 
edge of  providers. 


I .  Schwid  HA.  O'Donnell  D.  The  anesthe- 
sia simulator-recorder:  a  device  to  train 
and  evaluate  anesthesiologists,  respons- 
es to  critical  incidents.  Anesthesiology 
1W();72:  191-197. 
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Kaye:  That  is  probably  true  of  all 
studies — one  can  say  that.  But,  it 
does  tell  us  that  we  need  to  improve 
our  teaching  methodology  and  reten- 
tion programs.  As  a  way  of  reviewing 
and  reinforcing  knowledge  and 
skills — arrhythmia,  algorithms,  pro- 
tocols, patient  management  issues — I 
think  computer  simulations  may  be 
very  effective.  Had  these  anesthesiol- 
ogists been  given  a  mannequin  and  a 
defibrillator  with  monitor,  they  may 
well  have  done  better.  I  hear  what 
you're  saying,  but  I  really  don't  have 
much  experience  with  computer  sim- 
ulations, so  I  really  can't  comment. 
Maybe  somebody  else  can. 

Boudin:  I'll  be  addressing  interactive 
video  disk  technology  in  my  presen- 
tation. 

Mathews:  I  just  want  to  comment  on 
your  concept  of  the  first  5  minutes 
being  the  focus  of  the  training.  I  have  a 
problem  with  that  because  the  majori- 
ty of  hospitals  in  the  United  States  are 
not  teaching  hospitals  and  may  not 
have  house  staff.  If  they  don't  have 
obstetrical  services,  they  may  not  have 
an  anesthesiologist,  which  means  that 
the  ER  doc  drops  whatever  he  or  she  is 
doing  and  runs  to  the  code.  I  suggest 
that  to  say  that  the  only  thing  that 
should  be  taught  is  the  first  5  minutes 
might  be  an  error,  if  you  are  not  within 
a  university  teaching  hospital  com- 
plex. In  the  general  community,  that 
might  be  disastrous,  when  a  whole 
group  of  people  are  doing  the  first  5 
minutes  over  and  over  again  because  it 
may  take  15,  20,  30  minutes  for  a 
trained  physician  to  show  up. 

Kaye:  I  hear  what  you're  saying,  and 
I  tried  to  indicate  that  this  was  based 
on  2  hospitals.  1  in  the  UK  and  1  in 
the  U.S.  with  house  staff.  I  mentioned 
that  the  paramedics-  the  prehospital 
responders — maybe  have  different 
requirements  because  there  is  no  ad- 
ditional help,  and.  perhaps,  in  smaller 
hospitals  without  house  staff  that 


may  also  be  so.  But  I  still  believe 
very  strongly  that  ACLS  training 
should  be  done  in  short,  1-day  or 
shorter  segments,  and  that  maybe 
segment  Number  1  should  be  man- 
agement of  the  first  5-10  minutes — 
the  basics.  Then,  later  on  go  on  to  the 
more  elaborate  maneuvers. 

Mathews:  I  agree  with  that.  In  fact, 
our  experience  with  our  respiratory 
therapy  students  is  that  we  run  a  6-to- 
8  week  course  (2  hours/week)  on 
ACLS.  Then  they  also  go  through  the 
regular  ACLS  Provider  course.  And 
they  do  very  well. 

Kaye:  I  think  one  tailors  the  program 
for  the  audience. 

Mathews:  So  we  continue  reinforce- 
ment; we  make  use  of  techniques  like 
the  serial-position  effect  (ie,  what  is 
presented  first  and  last  is  retained 
longer  and  more  accurately  than  ma- 
terial presented  in  the  midportion  of 
the  class)  and  keep  on  pushing  all  of 
this  material  so  they  become  very 
competent  at  this.  Some  of  our  class- 
es have  done  exceedingly  well. 
They've  done  much  better  than 
physicians  and  nurses. 

Kaye:  But  it's  a  resource  issue,  and 
I'm  not  sure  that  every  institution,  no 
matter  what  size,  can  afford  a  6-month 
training  program  for  the  RCPs. 

Mathews:  You're  right,  you're  abso- 
lutely right. 

Kaye:  I  think  each  course  must  be 
designed  to  address  individual  needs; 
but  all  I'm  saying  is  keep  it  simple. 
For  example,  lidocaine.  Do  you  real- 
ly need  to  know  the  complex  kinet- 
ics? It's  nice  to  know  about  the  alpha 
and  beta  half-life.  You  need  to  know 
when  to  use  it,  what  dose  to  give,  and 
some  of  the  caution  words. 

Mathews:  And  what  outcome  to  ex- 
pect. 


Kaye:  Defibrillation — I  don't  even 
care  if  you  know  what  a  square  wave 
is  versus  a  trapezoidal  something 
else.  But,  how  do  you  turn  the  ma- 
chine on?  How  do  you  push  the  but- 
ton? That's  what  people  get  hung  up 
on.  Where  do  you  put  the  paddles? 
That's  my  message — keep  it  to  the 
basics. 

Sanders:  I  think  one  of  the  issues  is 
data  collection.  Your  study  in  Virginia 
is  a  good  example  of  the  importance 
of  collecting  data.  Trauma  centers  are 
an  example.  In  order  to  be  a  trauma 
center  and  keep  your  designation,  you 
must  keep  a  database  of  patient  in- 
juries, outcomes,  and  demographic  in- 
formation. This  database  can  compare 
your  outcomes  to  those  in  other  hospi- 
tals and  can  be  used  for  CQI.  I  think 
we  should  keep  similar  databases  for 
cardiac-arrest  patients  to  assess  the 
quality  of  our  arrest-response  teams. 

Kaye:  I  think  that  in-hospital  resusci- 
tation, within  the  Heart  Association, 
has  somewhat  gotten  lost.  AHA  has 
emphasized  prehospital  resuscitation, 
which  is  terribly  important,  but  we 
also  need  to  look  inward  to  in-hospi- 
tal. I  would  encourage  AHA.  to  de- 
velop for  in-hospital  a  standardized 
data  instrument  based  on  the  prehos- 
pital Utstein  model.1 

1.  Cummins  RO,  Chamberlain  DA, 
Abramson  NS,  et  al.  Recommended 
guidelines  for  uniform  reporting  of  data 
from  out-of-hospital  cardiac  arrest:  the 
Utstein  style.  Circulation  1991;  84: 
960-075. 

Barnes:  Bill,  this  touches  on  Paul's 
(Pepe),  description  of  the  team  ap- 
proach with  the  fire  department,  where 
people  have  designated  responsibili- 
ties. Have  you  done  much  with  simu- 
lated cardiac  arrests  and  bringing  peo- 
ple together,  to  see  what  kind  of  roles 
they  took  and  if  a  leader  emerged? 

Kaye:  We  have  tried  that;  after  we 
developed  the  Megacode  in  the  70s  in 
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Rhode  Island,  it  became  part  of  the 
national  program  in  the  early  80s.  We 
identified  the  appropriate  team  mem- 
bers— a  leader,  an  airway  person,  a 
chest-compressor  person,  an  I.V.  per- 
son (I.V.  drugs),  a  defibrillation  per- 
son, and  we  try  to  teach  that.  We 
don't  have  a  designated  code  team, 
which  makes  it  a  little  more  difficult. 
We  need  to  reinforce  the  idea  that 
there  are  specific,  basic  roles  that  are 
required  for  resuscitation.  I  like  Paul 
Pepe's  ABCD — that's  really  neat. 
I'm  going  to  copy  that,  if  I  may,  for 
in-hospital. 

Pepe:  Please  do.  Bill.  I  believe  it 
makes  a  difference. 

Barnes:  I  think  the  problem  is  that 
we  have  interdisciplinary  courses  and 
training,  and  yet  it  may  be  impossible 
in  hospitals.  I  think  there  is  a  distinct 
advantage  if  there  can  be  a  code 
team — a  common  set  of  people  who 
train  together,  so.  it  isn't  always  just 
who  shows  up  on  that  particular  day. 

Kaye:  Our  RCPs  actually  do  have  pri- 
mary responsibility  for  noninvasive 
airway  management,  which  concerns 
me  because  our  residents  don't  take  the 
opportunity  to  do  bag-mask  ventila- 
tion. The  therapists  are  the  AB  people. 

Pepe:  The  way  we  use  it  is  that  ev- 
erybody (ie,  every  firefighter)  is  actu- 
ally trained  in  the  ABCDE  thing — 
but  on  a  given  day  the  captain  in 
charge  that  day  says  "OK.  today 
you're  (pointing  to  one  man)  going  to 
be  the  first  linesman,  you're  (pointing 
to  another)  going  to  be  the  plugman." 
ami  each,  therefore,  has  a  predesig- 
nated  assignment  for  the  required  file 
response.  Likewise,  the  captain  will 
say  "You're  going  to  be  the  AB  guy" 
to  the  first  linesman,  for  example. 
Some  people  are  really  good  at  a  task 
or  perhaps  they  prefer  to  do  airway 
management.  So,  they're  the  one  on 
the  learn  usually  assigned  to  do  that. 
Regardless,  each  day  when  they  start. 


everybody  knows  who's  doing  what 
at  a  cardiac  arrest  scene  long  before  it 
happens.  It's  just  as  though  you  had  a 
designated  code  team  that  day. 
Likewise,  the  respiratory  therapist 
could  be  expected  to  do  such  a  func- 
tion, if  up  front  everybody  knows 
their  job.  By  the  way,  I've  applied 
this  not  only  in  the  hospitals  for  car- 
diac care,  but  also  for  trauma  care. 
When  we  have  a  bad  trauma  case 
come  in,  there's  still  an  ABC  kind  of 
approach.  It  changes  a  little  bit  with  a 
trauma  patient,  but  it's  the  same  gen- 
eral concept  in  our  trauma  resuscita- 
tions as  well,  even  in  the  out-of-hos- 
pital  setting. 

Barnes:  I  think  there  needs  to  be  a  ro- 
tation on  more  than  just  mannequins. 
I  think  it  would  be  completely  reason- 
able for  an  anesthesiologist  to  say, 
"OK,  I  want  you  to  intubate.  I'm 
going  to  be  here,  but  you  put  the  tube 
in  because  you  need  the  practice;  if 
you're  going  to  be  good  you  need  to 
get  the  experience — not  just  on  man- 
nequins, and  not  just  in  the  operating 
room  under  controlled  conditions, 
why  don't  you  put  the  tube  in  this 
time?"  or  "Why  don't  you  work  with 
the  nurse  on  the  I.V.  meds  this  time?" 
or  "Why  don't  you  take  the  defibrilla- 
tor, even  though  someone  else  could 
do  it.  You  need  the  experience  on  the 
defibrillator,  so.  on  this  particular  day 
you're  going  to  defibrillate." 

Kaye:  I  agree,  and  we  do  that,  too. 
Also,  in  the  new  program,  there  are  4 
case-based  scenarios  stations.  One  sta- 
tion is  respiratory  arrest,  with  the  uni- 
versal algorithm  and  pulseless  electri- 
cal activity.  The  second  is  V-fib — 
easy  and  difficult.  That  is,  V-fib  that 
responds  to  shock  immediately  and  V- 
tib  that  doesn't.  The  third  is  asystole 
and  bradyarrhythmias.  The  fourth  sta- 
tion is  tachycardias — stable  and  unsta- 
ble. In  the  tachycardia  station  students 
learn  cardioversion,  but  in  each  of  the 
other  3  stations,  there's  a  chance  for 
each  student  to  play  all  the  roles,  in- 


cluding airway  management,  intuba- 
tion, I.V.  drugs,  defibrillation,  and 
monitoring.  In  other  words,  the  new 
course  is  really  a  series  of  Megacodes. 
In  the  classroom,  we  need  to  stress  the 
minimal  roles  needed  and  have  each 
person  play  them.  In  the  real  situation, 
we  should  rotate  people  and  assign 
them  different  roles,  so  they  learn  all 
of  the  specific  skills. 

Pepe:  What  Tom's  (Barnes)  saying  is 
that  you  don't  just  want  to  be  a  teach- 
ing hospital,  but  also  a  learning  hos- 
pital. Right? 

Barnes:  What  I'm  saying  is  that — if, 
for  example,  you  have  one  respiratory 
therapist  at  the  code  and  he  usually 
manages  the  airway  problems  but 
needs  experience  with  the  defibrillator, 
there  would  be  nothing  wrong  with  a 
nurse  doing  the  bag-valve  ventilation, 
so  the  therapist  has  the  opportunity  to 
gain  experience  with  defibrillation. 

Kaye:  Well,  actually  the  nurse 
should  do  the  bag-valve  ventilation 
because  the  nurse  should  know  how 
to  do  that  too.  The  same  is  true  for  the 
residents  because  2  codes  may  occur 
simultaneously. 

Halperin:  Very  intriguing  talk.  I 
have  a  question  about  the  studies  you 
presented  that  showed  no  effect  of 
ACLS  training.  There  were  2  or  3 
studies  presented.  Number  1,  were 
the  studies  really  big  enough  that  they 
could  show  a  difference? 

Kaye:  No,  it's  really  not  good  re- 
search, but  there  was  no  study  that 
showed  any  benefit,  which  is  very  in- 
teresting. 

Halperin:  The  other  question  is  was 
there  any  control  for  any  studying  that 
the  students  might  have  done  before 
the  course?  Because  ACLS  exists, 
some  people  may  actually  read  the 
material  prospectively.  Was  that 
taken  into  account'.' 
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Kaye:  No,  but  then  retention  should 
be  better,  but  it  wasn't.  Or  maybe 
those  who  did  well  on  their  retention 
re-evaluation  had  reviewed  the  mate- 


rials. Educational  research,  as  you 
know,  is  very  difficult.  As  they  say  in 
the  literature,  more  work  is  needed. 
Now  that  we  have  a  new  ACLS  pro- 


gram, we  really  need  to  evaluate  its 
effect  on  both  learning  as  well  as  pa- 
tient outcome. 
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Introduction 


Respiratory  care  practitioners  (RCPs)  have  been  valu- 
able and  useful  members  of  the  emergency  resuscitation 
team  since  the  emergence  of  inhalation  therapists  in  the 
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early  1950s,  and  important  medical  advances  in  the  field  of 
cardiopulmonary  resuscitation  (CPR)  and  emergency  car- 
diac care  (ECC)  have  occurred  since  then.  Traditional  basic 
life  support  (BLS)  skills  are  no  longer  adequate  resuscita- 
tion tools  for  first-responding  hospital  personnel:  the  prin- 
ciple of  early  defibrillation  by  BLS  personnel  is  fast  be- 
coming the  standard  of  care  for  patients  in  cardiac  arrest.1 
Advanced  cardiac  life  support  (ACI.S)  training  for  respira- 
tory care  practitioners  (RCPs)  is  necessary  to  maintain  our 
value  as  primary  members  of  the  resuscitation  (or  code) 
team  and  a  crucial  step  in  our  goal  to  solidify  and  expand 
our  role  in  today's  evolving  health-care-delivery  system.- 

Despite  the  active  participation  of  RCPs  as  primary  re- 
sponded to  in-hospital  resuscitations.  I  found  few  articles 
documenting  the  capabilities  of  the  RCP  in  resuscitation  or 
emergency  care.  Much  of  the  information  I  present  is, 
therefore,  based  on  studies  of  emergency-department  per- 
sonnel (ie,  resident  physicians,  interns,  medical  students. 


550 


Respiratory  Care  •  may  "95  Vol 40  No  5 


Maintaining  ACLS  Skills 


and  nurses).  I  hope  that  this  paper  stimulates  more  research 
by  RCPs  on  an  important  topic  in  which  a  great  deal  of  re- 
search is  needed!  Unless  we  document  and  market  our 
ability  to  function  at  an  advanced  clinical  level,  our  role 
will  fail  to  develop  properly.2 

In  this  paper,  I  present  issues  concerning  ACLS  skills 
with  particular  attention  to  the  hospital -based  RCP's  ability 
to  maintain  these  skills.  Several  key  questions  relating  to 
training,  clinical,  financial,  and  psychological  issues  are  ad- 
dressed. Although  no  data  are  available  on  the  number  of 
RCPs  who  provide  ACLS,  my  impression  is  that  the  num- 
ber is  small  compared  to  the  total  number  of  RCPs  practic- 
ing in  hospitals.  Based  on  the  literature,  this  paper  might 
have  been  more  appropriately  titled  "Strategies  for 
Obtaining  ACLS  skills."  In  an  attempt  to  publish  a  more 
balanced  account  of  the  RCP's  involvement  in  ACLS,  I 
contacted  several  respiratory  care  departments  whose  ad- 
ministrators appeared  to  have  a  progressive  attitude  to- 
wards ACLS  training.  Several  of  these  respondents3"5  ex- 
pressed support  of  the  recommendation  by  Barnes  and 
Durbin6  for  mandatory  ACLS  training  in  letters  published 
in  this  journal.  Thus,  the  last  section  of  this  paper  focuses 
on  the  current  ACLS  experience  of  8  respiratory  therapy 
departments.  ACLS  training  can  lead  to  skill  acquisition 
and  the  potential  for  role  expansion  as  evidenced  by  several 
of  these  RCP  managers  who  have  shared  their  experiences. 

ACLS  training  is  the  single  most  critical  factor  in  properly 
establishing  the  RCP's  role  in  emergency  care,2  and,  as  this 
role  evolves,  we  must  continually  look  for  new  ways  to  con- 
tribute to  patient  care  in  a  positive  and  cost-effective  manner. 

Training  Issues 

What  Should  an  ACLS  Provider  Know? 

The  American  Heart  Association  (AHA)  ACLS 
Instructor's  Manual7  clearly  states  the  two  learning  objec- 
tives of  an  ACLS  course:  first,  the  evaluation  and  manage- 
ment of  the  first  10  minutes  of  a  witnessed  cardiac  arrest  in 
an  adult  in  ventricular-fibrillation,  and  second,  the  critical 
actions  contained  in  the  "core"  ACLS  cases  (Table  1). 

Table  1.      The  Nine  "Core"  ACLS  Cases 

•  Respiratory  arrest 

•  Witnessed  ventricular  fibrillation 

•  Refractory  ventricular  fibrillation/pulseless  ventricular 

tachycardia 

•  Pulseless  electrical  activity 

•  Asystole 

•  Acute  myocardial  infarction 

•  Bradycardia 

•  Unstable  tachycardia 

•  Stable  tachycardia 


What  Skills  Should  the  RCP  Assume? 

The  actual  performance  of  the  critical  actions  described 
in  the  ACLS  cases  collectively  rests  on  the  shoulders  of 
various  resuscitation-team  members.  Barnes  and  Durbin* 
suggest  that  RCPs  should  assume  several  critical  tasks 
when  they  are  the  best  trained  responders  at  the  scene.  The 
AARC  Clinical  Practice  Guideline  for  resuscitation  in 
acute-care  hospitals4  includes  the  RCP  as  one  of  the  mem- 
bers responsible  for  assuming  a  number  of  ACLS  tasks 
(Table  2). 

Table  2.      Resuscitation  Responsibilities  for  RCPs 

•  Assessment  of  patients  for  respiratory  and/or  cardiac  arrest 

•  Activation  of  the  resuscitation  team 

•  Administration  of  BLS  techniques 

•  Provision  of  mouth-to-mask  ventilation 

•  Attachment  of  ECG  and  automatic  defibrillator  electrodes 

•  Attachment  of  pulse  oximeter  and  capnograph 

•  Provision  of  a  written  report  of  the  resuscitation  effort 

•  Moving  resuscitation  equipment  to  the  scene 

•  Collection  of  arterial  blood  for  analysis 

•  Advanced  ECG  monitoring  and  dysrhythmia  recognition 

•  Tracheal  intubation 

•  Defibrillation  and  cardioversion  with  automatic  and  manual 

electronic  defibrillators 

•  Use  of  continuous  and  transport  mechanical  ventilators 

•  Use  of  manual  or  automatic  chest  compressors 

•  Preparation  and  administration  of  cardiac  drugs 

•  Stabilization  of  patients  in  the  post-arrest  period 

•  Provision  of  access  for  rapid  administration  of  intravenous  fluids 

•  Managing  ventilation  via  transtracheal  catheter  and 

cricothyrotomy 

•  Emergency  treatment  of  tension  pneumo-  or  hemothorax,  with 

large-bore  needle 

•  Interpretation  of  hemodynamic  data 

•  Preparation  of  patients  for  emergency  transport 

•  Evaluation  of  oxygenation,  ventilation,  and  acid-base  balance 

from  blood  gas  reports. 


What  Frequency  of  Retraining  Is  Necessary? 

That  resuscitation  skills  retention  declines  rapidly  over 
time  is  well-documented.1011  Skills  that  are  not  used  regu- 
larly soon  after  they  have  been  learned  do  not  become  part 
of  an  individual's  repertoire.12  The  performance  of  safe  de- 
fibrillation deteriorated  rapidly  for  nurses  within  6  months 
of  successful  completion  of  the  course.13  Frequent  intuba- 
tion errors  were  identified  in  medical  students  2-3  months 
after  initial  training.14  Walters"  reported  that  ambulance 
staff  showed  a  good  knowledge  of  the  ACLS  treatment  pro- 
tocols, but  errors  in  applying  skills  were  common.  The  au- 
thors believed  that  improvement  in  these  skills  would  have 
optimized  the  lifesaving  capabilities  of  the  ambulance  staff, 
but  because  the  staff  received  no  feedback,  they  were  proba- 
bly unaware  of  how  they  might  improve  their  performances. 
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The  assumptions  are  that  competency  is  maintained  by 
performing  a  large  number  of  procedures'  or  by  perform- 
ing the  skill  a  minimum  number  of  times  within  a  specific- 
time  frame.16  Evidence  suggests  that  staff  who  participate 
in  resuscitation  events  on  a  regular  basis  do  not  retain  their 
knowledge  or  skills  to  any  greater  degree  than  those  who 
participate  less  frequently  or  never.17"19  This  may  be  due  in 
part  to  the  effectiveness  of  instruction.  Poor  retention  may 
be  explained  by  the  student's  inability  to  acquire  or  master 
the  skills  in  the  first  place  for  a  variety  of  reasons. I7'2n 
Often,  instructors  have  not  taught  in  a  standardized  way. 
practice  time  has  been  limited,  and  errors  in  performance 
have  not  been  corrected.21  One  author  recommends  an  ini- 
tial review  as  early  as  2-4  weeks  after  training,  with  short 
reviews  every  3-6  months.22  The  AHA  recommends  fre- 
quent practice  sessions  to  enhance  skill  retention,  with  full 
ACLS  retraining  every  2  years.23 

The  question.  What  frequency  is  best?  cannot  be  an- 
swered simply:  there  is  no  magic  period  of  time  that  elaps- 
es between  competency  and  incompetency.  However, 
some  guidelines  can  be  used  to  help  hospital  respiratory 
care  departments  establish  a  retraining  program.  ( 1 )  ACLS 
providers  should  retrain  as  often  as  needed,  based  upon 
their  role  in  resuscitation;24  therefore,  identification  of  the 
skills  that  require  reinforcing  is  first  and  foremost.  (2)  The 
current  ability  and/or  performance  level  of  the  staff  must 
be  determined.  Monitoring  of  staff  is,  therefore,  necessary 
to  assess  the  adequacy  of  the  initial  training  program,  to 
evaluate  how  training  translates  into  actual  practice,  and  to 
identify  aspects  in  which  retraining  is  required. 15  All  clini- 
cal staff  should  be  monitored  for  skills  and  knowledge 
deficits,  even  those  who  participate  regularly  in  resuscita- 
tions. (3)  The  optimal  method  for  retraining  must  be  deter- 
mined. Mannequins  or  plastic  models  may  be  all  that  is 
needed  for  maintaining  BLS  skills  (ie,  rescue  breathing 
and  chest  compressions).  Access  to  supervised  intubations 
on  animal  models  or  live  patients  is  recommended  for  intu- 
bation retraining.  (4)  Respiratory  care  department  educa- 
tors and  managers  must  consider  the  costs  involved  with 
the  method  of  retraining  for  the  number  of  those  requiring 
retraining.  The  cost  is  likely  to  be  a  key  factor  in  determin- 
ing the  frequency  with  which  retraining  is  conducted. 

What  Are  the  Methods  for  Maintaining 
ACLS  Skills? 

To  retain  proficiency  in  ACLS  psychomotor  skills  (and 
decision  making),  rescuers  need  regular  retraining  or  re- 
fresher  sessions.2'  Individualizing  these  sessions  to  meet 
the  specific  needs  of  a  group  is  recommended.12  Pretesting 
can  be  used  to  identify  individual  practitioner  problems  as 
well  as  group  deficiencies.  Improving  the  performance  of 
the  individuals  should  be  the  goal  of  any  method  employed 


to  maintain  ACLS  skills.  A  variety  of  methods  are  de- 
scribed in  the  literature  including  interactive  videodisc 
technology  (IVD).  Megacodes,  simulated  cardiac  arrests 
(SCAs),  and  other  living  and  nonliving  models. 

Interactive  Videodisc  Technology.  Educators  in  medical 
education  must  continually  search  for  novel  and  effective 
ways  to  teach  and  assess  learning.  The  application  of  com- 
puter technology  as  an  innovative  educational  tool  is 
quickly  becoming  commonplace.  An  interactive  videodisc 
system  can  be  defined  as  a  computer-based  system  that  em- 
ploys a  laser  videodisc  player  to  enhance  the  presentation 
by  providing  realistic  audiovisual  effects  (Fig.  I26).  IVD  is 
interactive  because  it  adjusts  instructional  sequences  in  re- 
sponse to  learner  input.27  In  1980,  The  AHA  National 
Center  and  the  Committee  on  Emergency  Cardiac  Care 
began  the  design  of  an  IVD  system  for  teaching  BLS;  by 
1983  validation  studies  confirmed  its  ability  to  train  and 
test  people  in  CPR  competence. 2S  In  January  1989,  the 
AHA  accepted  the  Actronics  course  (Interactive  Multi- 
media Courseware.  American  Heart  Association,  Dallas 
TX  and  Actronics  Inc.  Pittsburgh  PA)  as  a  valid  alternative 


Fig.  1 .  Photograph  depicting  a  clinician  performing  chest  compres- 
sion on  a  resuscitation  mannequin,  that  is  connected  to  an  interac- 
tive videodisc  system.  Note  the  pluse  waveforms  on  the  screen. 
(Courtsey  of  the  American  Heart  Association  &  Actronics  Inc.26) 


552 


RESPIRATORY  Carl  •  May  '95  Vol.  40  No  5 


Maintaining  ACLS  Skills 


for  ACLS  course  completion.29  The  system  was  originally 
developed  to  increase  the  number  of  persons  trained  in 
BLS  and  ACLS  while  providing  a  standardized  course  of 
high  quality  that  did  not  require  an  increased  number  of  in- 
structors.28 Numerous  benefits  have  been  reported  from 
this  type  of  system  including  ease  of  operation,  24-hour 
availability,  objective  and  consistent  instruction,  fair  and 
impartial  scoring,  and  employee  enthusiasm.30 

The  ACLS  courseware  series  presents  14  hours  of  in- 
struction in  4  modules,  each  with  a  test  station.  Because  of 
its  interactive  nature,  the  system  actually  tailors  the  con- 
tent of  the  course  to  respond  to  each  student's  individual 
needs.  For  example,  if  the  student's  actions  are  correct,  the 
system  commends  the  student.  If  not,  it  corrects  the  stu- 
dent, indicating  the  error  and  showing  and  explaining  the 
right  way  to  perform  the  procedure.26 

The  4  modules,  Arrhythmia  Recognition,  Airway 
Management,  Megacode,  and  Resuscitation  Adjuncts  and 
Automated  External  Defibrillation,  are  available  individu- 
ally, allowing  implementation  in  stages.  Together,  the  mod- 
ules satisfy  the  AHA's  requirement  for  BLS  and  ACLS 
training  and  formal  validation.2627  Because  the  AHA's 
CPR/ACLS  Learning  System  is  considered  an  extension  of 
the  training  network,  a  national  AHA  course  completion 
card  is  issued  to  acknowledge  that  the  student  has  satisfied 
the  guidelines  for  successful  course  completion  as  deter- 
mined by  the  national  AHA  Committee  on  ECC.28 

A  study  comparing  IVD  instruction  with  an  ACLS  in- 
structor in  the  testing  of  airway  management  skills  suggest- 
ed that  the  IVD  system  is  an  acceptable  adjunct  method  for 
instruction  and  testing;  however,  it  cannot  be  considered 
suitable  for  stand-alone  instruction.29  Disadvantages  specif- 
ic to  IVD  are  machine  malfunctions  and  the  inability  of  the 
sensor  to  detect  poor  performance.  In  subsequent  research, 
Rubens31  found  that  students  prefer  the  presence  of  an  in- 
structor or  facilitator  during  practice  and  instruction  ses- 
sions. Other  computed-aided  instructional  products  de- 
signed to  teach  ACLS  skills  (ie,  Cosmic  Osmo,  Code  Red) 
have  been  described  in  the  literature.3233 

Megacode  Evaluation.  The  Megacode  teaching  and  eval- 
uation station  is  well-known  to  past  and  current  ACLS 
providers.  Participants  practice  as  members  of  a  resuscita- 
tion team  and  learn  to  integrate  the  knowledge  and  skills 
of  ACLS.10-34  Team  roles  typically  include  team  leader- 
ship, airway  management,  chest  compression  and  intra- 
venous-catheter placement,  drug  administration,  and 
record  keeping;  these  are  summarized  in  Table  3.35  When 
Megacode  is  used  as  a  training  tool,  participants  are  eval- 
uated in  each  role  during  a  simulated  arrest  using  case 
scenarios.  When  it  is  designed  as  an  evaluation  tool,  stu- 
dents are  individually  evaluated  while  playing  the  role  of 
the  team  leader.36 


Table  3.  Roles  and  their  Functions  during  Megac-odes" 


Role 

Function 

Student 

I 

Code  Leader 

Supervises  and  directs  the  resuscitation 
Diagnoses  the  cardiac  rhythm 

II 

Airway 

Establishes  a  patent  airway  and 

Management 

initiates  ventilation 

III 

Chest 

Maintains  blood  flow  by  simulating 

Compression 

heart-muscle  contraction 
Monitors  pulse  as  warranted 

IV 

Intravenous 

Establishes  intravenous  access 

lifeline 

Administers  drugs 
Keeps  resuscitation  record 

Faculty 

A 

Instructor 

Operates  dysrhythmia  generator 
Summarizes  clinical  scenario 

for  students 
Directly  evaluates  code  leader's 

performance 

B 

Instructor 

Supervises  and  evaluates  airway 
management,  ventilation, 
and  assessment 

Safety  director 

C 

Instructor 

If  available,  supervises  and  evaluates 

(optional) 

Students  III  and  IV 

The  Megacode  method  can  be  used  for  the  purpose  of 
refresher  training  to  ensure  that  competency  in  ACLS 
knowledge  and  skills  is  maintained.34  Retraining  is  based 
on  the  assumption  that  either  the  information  was  never 
learned  in  the  first  place  or  has  been  totally  forgotten.12 
Regardless  of  the  reason  for  the  lack  of  skills,  it  is  best  to 
identify  deficient  areas  that  can  be  specifically  addressed 
during  retraining,  so  that  retraining  can  be  tailored  to  each 
individual's  or  group's  specific  needs. 

Simulated  Cardiac  Arrests.  The  terms  simulated  cardiac 
arrest  and  Megacode  have  been  used  interchangeably  in  the 
past  by  many  authors.  However,  a  recent  study37  described 
SCAs  as  a  method  to  determine  the  ability  of  the  resuscita- 
tion team  to  respond  to  an  emergency  call  in  a  timely  man- 
ner. Other  studies38^10  describe  SCAs  as  a  method  of  moni- 
toring resuscitation  performance  on  a  multidisciplinary 
level.  I  believe  this  strategy  is  distinctly  different  from  the 
previously  described  Megacode  and  merits  consideration  as 
a  separate  method  for  ACLS  evaluation  and  retraining. 

SCAs  employ  the  element  of  surprise.  They  have  all  the 
components  of  a  Megacode  but  are  unscheduled  events 
and  the  participants  vary  depending  upon  the  assignment 
of  code  beepers  at  the  time  the  SCA  is  announced.41 
Therefore,  individuals  can  only  be  monitored  randomly, 
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eliminating  SCA  as  the  preferred  method  of  evaluation  for 
a  specific  individual  or  group.  The  main  objectives  of 
SCAs  are  to  introduce  hospital  personnel  to  a  cardiorespi- 
ratory arrest  situation,  identify  deficiencies  in  the  current 
system,  reinforce  ACLS  education,  and  exchange 
ideas.37-19  Typically  the  exercise  consists  of  placing  a  man- 
nequin on  a  bed  or  in  the  corridor  and  asking  the  nearest 
bystander  to  react  exactly  as  he  or  she  would  if  the  man- 
nequin had  been  a  patient  or  visitor  who  had  collapsed.18 
This  type  of  retraining  strategy  can  be  extremely  valuable 
in  identifying  systems  and  performance  deficiencies  (ie, 
equipment,  communications,  supplies,  and  team  response). 
SCA  videotapes  allow  the  participants  to  observe  their 
own  mistakes,  an  experience  that  creates  a  good  setting  for 
constructive  criticism  from  peers  and  instructors.41 

Other  Models.  Models  for  teaching  lifesaving  skills  and 
technical  procedures  have  been  used  for  decades.  A  variety 
of  them  have  been  described  in  the  literature,  each  with  in- 
herent advantages  and  disadvantages  in  terms  of  availabil- 
ity, cost,  and  efficacy.  Often,  legal  and  ethical  issues  must 
also  be  considered. 

Living  Patients.  The  use  of  live  patients  is  common  for 
teaching  intubation  skills.  Many  respiratory  therapy  depart- 
ments with  intubation  responsibility  have  described  clinical 
rotations  through  the  operating  room  that  are  arranged  as 
one  component  of  the  intubation  training  program.5' I6-42"44 
Supervised  by  an  anesthesiologist  or  his  designee,  each 
trainee  is  required  to  perform  a  specific  number  of  success- 
ful endotracheal  intubations  on  anesthetized  patients. 
Whereas  didactic  training  and  practice  on  mannequins  is 
relatively  easy  to  coordinate,  some  believe  that  these  meth- 
ods alone  are  inadequate  to  ensure  competence  without  ad- 
ditional training  and  practice  on  patients  who  are  anes- 
thetized.45 When  access  to  this  type  of  clinical  training  is 
limited,  a  method  for  identifying  only  those  particular 
RCPs  with  substandard  performance  should  be  adopted. 

When  practicing  skills  involving  assessment,  learners 
are  encouraged  to  use  themselves  and  each  other  as  live 
models.46  An  unexpected  benefit — increased  empathy — 
was  reported  by  Nelson47  when  students  practiced  the  pro- 
cedure for  obtaining  an  arterial  blood-gas  sample  on  each 
other.  Barrows4"  describes  the  explosion  of  activity  that 
has  occurred  in  the  use  of  standardized  patients  (SPs)  as  an 
assessment  tool  for  clinical  competence.  The  term,  stan- 
dardized patient,  is  used  to  define  both  a  simulated  patient 
(a  well  person  trained  to  simulate  a  patient's  illness  in  a 
standardized  way)  and  an  actual  patient  (trained  to  present 
his  or  her  own  illness  in  a  standardized  way.)  Readers  with 
further  interest  in  the  value  of  SPs,  should  review  the 
Proceedings  of  the  Association  of  American  Medical 
College's  (AAMC)  Consensus  Conference  on  the  Use  of 
Standardized  Patients  in  the  Teaching  and  Evaluation  of 


Clinical  Skills.*9  Also,  an  article  by  Vu50  describes  6  years 
of  experience  using  SPs. 

Deceased  Patients.  Although  few  reports  are  available 
regarding  the  practice  of  using  recently  deceased  patients 
for  training  ACLS  skills,  it  is  probably  a  common  teaching 
method.  In  a  survey  sent  to  5,397  emergency  departments 
in  the  country,  537  of  992  respondents  confirmed  the  use  of 
recently  deceased  patients  for  intubation  training.51  This 
practice  has  been  recently  criticized  on  religious,  legal,  and 
ethical  grounds.  Iserson52  raises  4  questions  that  should  be 
resolved  regarding  this  method  of  instruction:  ( 1 )  Is  it  ethi- 
cally and  legally  permissible  to  practice  and  teach  noninva- 
sive and  minimally  invasive  procedures  on  newly  deceased 
emergency-department  patients?  (2)  What  are  the  alterna- 
tives or  possible  consequences  of  not  practicing  noninva- 
sive and  minimally  invasive  procedures  on  newly  deceased 
patients?  (3)  Is  consent  from  relatives  required?  (4)  Should 
doctors  in  emergency  departments  allow  or  even  encourage 
this  use  of  newly  deceased  patients? 

Providing  health-care  professionals  with  a  closely  su- 
pervised intubation  practice  using  newly  deceased  infants 
has  been  described  by  Benfield  et  al.53  The  AHA  supports 
this  practice,  stating  that  it  is  ethically  justifiable  in  that  it 
is  nonmutilating,  brief,  beneficial  to  others,  and  an  effec- 
tive teaching  technique.54 

Cadavers.  The  use  of  cadavers  for  teaching  anatomy  is 
well  established  in  medical  schools.  Their  use  for  teaching 
ACLS  skills  has  been  described  by  Nelson.55  Because  ca- 
davers are  the  bodies  of  people  who  have  given  specific 
consent  for  their  bodies  to  be  used  for  teaching  or  research, 
the  ethical  issues  are  minimal.  Almost  every  technique 
used  for  airway  management  can  be  well-taught  with  the 
cadaver  model;  the  exception,  of  course,  is  mouth-to- 
mouth  rescue  breathing. 

Animals.  Animal  models  have  been  used  to  teach  intu- 
bation skills.14'51  Although  anatomic  differences  often 
make  them  a  poor  choice,  they  provide  a  degree  of  realism 
during  performance  of  certain  skills.  Training  programs 
for  intubation  of  neonates  have  been  described  that  use  kit- 
tens for  intubation  because  the  kitten's  larynx  is  very  simi- 
lar in  size  and  anatomy  to  that  of  the  human  infant.56  The 
use  of  animals  is  a  controversial  topic  in  today's  society 
with  animal  support  groups  becoming  increasingly  vocal 
and  influential  in  their  demands  to  reduce  the  number  of 
animals  used  in  research  and  education. 

Artificial  Models.  Plastic  models  such  as  CPR  man- 
nequins, intubation  heads,  and  arms  for  venous  and  arterial 
punctures  are  popular  training  tools.  The  most  recent  models 
are  often  well-designed  and  accurately  reflect  human  anato- 
my. Accessories  such  as  artificial  blood  are  available  to  add 
realism  to  the  use  of  these  devices  for  training.  Despite  their 
initial  expense,  artificial  models  arc  durable  and  can  be  used 
to  train  a  large  number  of  students  for  many  years. 
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Should  ACLS  Training  for  RCPs  Be 
Voluntary  or  Mandatory? 

In  June  1992.  RESPIRATORY  CARE  published  an  editori- 
al by  Barnes  and  Durbin6  who  advocated  ACLS  training 
for  those  RCPs  who  respond  to  resuscitations,  cover  the 
emergency  room,  work  in  critical  care  units,  and  serve  on 
transport  teams.  Strong  support  of  their  ACLS-mandate 
editorial  was  apparent  by  the  number  and  content  of  letters 
responding  to  the  editorial;14"'6"  with  several  respiratory 
care  department  managers  describing  their  accomplish- 
ments in  providing  ACLS  training. 

In  December  1992,  the  president  of  the  A  ARC  made  a 
recommendation  to  the  AARC  Board  of  Directors  to  com- 
pose a  position  statement  advocating  voluntary,  not 
mandatory,  ACLS  training.61  This  recommendation  was 
based  on  opinions  solicited  from  the  AARC  membership 
and  the  majority  of  respondents  were  not  in  favor  of 
mandatory  ACLS  training.  Acceding  to  the  majority. 
President  Demers  suggested  that  a  heightened  awareness 
of  the  need  for  ACLS  training  for  RCPS  might  result  from 
the  statement  so  that  mandatory  ACLS  training  might  be- 
come a  reality  in  the  future.61 

I  believe  the  future  is  now.  As  primary  members  of  the 
resuscitation  team,  our  daily  activities  demand  proficiency 
in  the  essentials  of  ACLS,  not  only  for  our  profession's 
benefit,  but  for  the  patient's  benefit!  Resuscitation  is  a 
team  effort.  No  one  head  is  as  great  as  all  heads  together. 
All  members  must  understand  the  role  of  each  team  mem- 
ber and  all  should  have  a  common  understanding  of  the  al- 
gorithms used  to  manage  patients  found  in  cardiac  arrest  or 
in  impending  arrest.  ACLS  training  may  be  the  single  most 
critical  factor  in  properly  establishing  the  RCP's  role  in 
emergency  care2  and  is  the  pathway  for  assuming  greater 
responsibilities  during  resuscitation. 

I  believe  that  clinically  active  respiratory  care  managers 
should  complete  ACLS  training  to  serve  as  role  models  and 
advocate  for  their  staff's  participation  in  ACLS  training  pro- 
grams. I  further  believe  that  hospital-based  RCPs  should  be- 
come ACLS  Providers  to  improve  patient  care  and  to  partic- 
ipate on  an  equal  basis  with  nurses  in  resuscitations.  And 
last  but  not  least,  I  believe  that  educators  should  become 
ACLS  Instructors  to  increase  the  instructor  pool  and  to  pro- 
vide the  training  and  preparation  necessary  for  students  and 
practitioners  to  succeed  in  ACLS  training  programs. 

Clinical  Issues 

Can  RCPs  Improve  Patient  Outcome? 

In  performing  ACLS,  it  is  the  response  time  and  the 
quality  of  the  intervention  that  ultimately  affect  long-term 
survival  from  cardiac  arrest.62  There  are  data  to  suggest 


that  RCPs  as  primary  responders  to  in-hospital  resuscita- 
tions have  an  opportunity  to  improve  patient  outcome.  A 
recent  study"  published  in  RESPIRATORY  CARE  reported 
response  times  of  a  hospital  arrest  team.  In  order  of  ap- 
pearance, the  first  3  members  of  the  cardiac  arrest  team  to 
arrive  were  the  physician,  RCP,  and  ICU  nurse  (Fig.  2). 
The  difference  in  median  response  time  (MET)  of  the 
physician  (3.17  min)  and  respiratory  therapist  (3.20  min) 
was  0.03  minutes;  the  MET  of  an  ICU  nurse  (3.58  min- 
utes) was  0.41  minutes  after  the  physician. 

Outcome  is  also  dependent  on  the  quality  of  interven- 
tion. Little  is  known  about  the  effects  of  the  quality  of 
ACLS  on  patient  outcome;  however,  a  recent  study  by 
Birnbaum  et  al13  suggests  that  training  directed  to  the  entire 
team  likely  to  participate  in  the  provision  of  ACLS  favor- 
ably affects  the  overall  practice  of  ACLS  and  the  survival 
rate  of  patients  with  ischemic  heart  disease.  Respiratory 
therapists  improved  their  overall  performance  after  an 
ACLS  training  program  as  documented  by  an  increase  in 
adjusted  mean  test  scores  obtained  before  initiation  and  on 
conclusion  of  the  training  period.  The  course  included  39 
hours  of  instruction  time;  each  participant  was  required  to 
successfully  participate  in  complex  simulations  that  re- 
quired each  to  integrate  the  materials  and  skills  acquired  in 
the  course,  including  performance  in  the  team  leader  role. 

Is  the  Outcome  of  Nonphysician-Managed 
Resuscitations  Different? 

"Is  there  a  doctor  in  the  house?"  This  classic  phrase  im- 
plies a  belief  that  with  the  arrival  of  a  physician  comes  the 
medical  knowledge  needed  to  handle  any  emergency.63 
Can  we  assume  that  all  physicians  are  knowledgeable  and 
competent  in  managing  cardiopulmonary  emergencies? 
Kaye  and  colleagues62  described  3  studies  that  documented 
poor  performance  of  ACLS  by  physicians.  ACLS  training 
programs  in  rural  community  hospitals  are  often  mini- 
mal.64 Sanders  et  al65  reported  the  efficacy  of  an  ACLS 
training  program  in  which  none  of  the  physicians  in  the 
community  were  certified  in  ACLS  prior  to  the  study.  It  is 
conceivable  that  little  advantage  may  be  gained  from  a 
physician-managed  resuscitation  when  compared  to  one 
that  is  not,  if  the  physicians  have  less  formal  training  in  re- 
suscitation than  other  health-care  providers  on  the  team. 
Regardless  of  the  team  leader's  credential,  ACLS  training 
can  have  a  positive  effect  on  performance  and  may  im- 
prove patient  care  and  survival.13 

No  studies  are  available  on  patient  outcome  from  in-hos- 
pital resuscitations  that  specifically  utilize  nonphysicians  as 
ACLS  team  leaders.  However,  nonphysician  resuscitation- 
team  models  are  widespread  in  prehospital  and  inter-hospi- 
tal transport  care.  Emergency  medical  technicians  (EMTs) 
have  been  trained  to  intubate  and  defibrillate  patients,  and 
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Fig.  2.  The  time  in  minutes  for  the  measured  events  are  shown  as  median  •,  interquartile  range — the  lower  and  upper  25th  percentiles  (  :), 
and  the  full  range — the  lowest  and  highest  value  (♦). 


their  effectiveness  has  been  confirmed  in  several  controlled 
evaluations.65  Critical  care  transport  flight  teams  that  utilize 
nurse-nurse  or  nurse-RCP  staff  combinations  are  highly 
trained  (ie.  as  providers  or  instructors  in  ACLS,  advanced 
trauma  life  support  [ATLSJ.  pediatric  advanced  life  support 
[PALS],  and  neonatal  resuscitation  program  [NRP])  and 
authorized  to  manage  resuscitations  for  all  patient  popula- 
tions under  institutional  protocols.  In  these  cases,  qualified 
resuscitation-team  members  may  achieve  the  same  level  of 
success  in  the  absence  of  physicians. 

What  Level  of  Training  Is  Necessary? 

There  is  no  such  thing  as  ACLS  certification.  True  or 
False?  ACLS  courses  have  dropped  the  pass/fail  policy. 
True  or  False?  Both  statements  are  true.  Dramatic  changes 
in  the  ACLS  training  program  were  published  in  May  1994 
by  the  ACLS  Education  task  force.66  Most  obvious  was  the 
change  from  a  subject-based  approach  to  a  problem-orient- 
ed, scenario-based  educational  experience.  Less  obvious 
but  more  significant  was  the  refocus  of  the  purpose  of  the 
ACLS  course:  to  help  all  course  participants  succeed  in  ac- 
quiring the  skills  and  knowledge  they  need  for  their  profes- 
sional role  in  resuscitation  attempts.  The  term,  refocus,  is 
important.  From  the  perspective  of  the  AHA,  the  emphasis 
on  certification,  pressure  to  obtain  a  "card",  and  focus  on 
passing  or  failing  was  a  perversion  of  the  original  goals. 

The  renewed  educational  philosophy  discourages  the 
use  of  the  term,  certification,  and  recommends  "course 


completion"  as  the  preferred  terminology.  As  early  as 
1 979,  the  ECC  Committee  of  the  AHA  took  steps  to  clarify 
the  intent  of  successful  course  completion.24  This  intent 
was  published  in  the  1980  JAMA  supplement'17  stating  that 
the  term,  certified,  is  equivalent  to  successful  completion. 
Beginning  in  1989,  the  AHA  removed  "certification"  from 
all  the  cards  and  materials  used  in  the  BLS,  ACLS.  and  pe- 
diatric resuscitation  programs.68  Despite  these  efforts, 
widespread  reference  to  ACLS  "certification"  continues 
among  health-care  professionals.  The  goal  of  the  AHA  is 
not  the  certification  of  clinical  competency2''  nor  is  the 
ACLS  Provider's  Course  meant  to  license,  certify,  creden- 
tial, or  warranty  providers.69 

The  question  of  competency  remains.  The  fact  that 
competency  should  be  measured  is  indisputable.  By  whom 
and  how  are  more  difficult  questions.  Clinical  competence 
should  be  tested  by  the  entity  held  accountable  for  the 
quality  of  the  care  delivered  by  its  providers.68  The  burden 
of  proof  essentially  is  on  the  employer,  certainly  not  the 
AHA.  The  1994  standards  of  the  Joint  Commission  on  ac- 
creditation of  Health  Care  Organizations  have  placed  a 
significant  emphasis  on  clinical  competencies  for  respira- 
tory care  practitioners.7"  Competency  evaluation  of  resus- 
citation skills  and  knowledge  has  now  become  the  respon- 
sibility of  individual  departments.  Competency  standards 
may  vary  according  to  job  descriptions  and  roles  and  must 
be  clearly  stated  in  the  department's  policy  and  procedure 
manual.  Ideally,  competency  assessment  should  be  incor- 
porated into  the  department's  quality  assurance,  continu- 
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ous  quality  improvement,  or  performance  improvement 
program.  With  the  introduction  of  objective  measurements 
and  regular  evaluation  or  monitoring  of  ACLS  skills,  a 
program  can  be  designed  to  ensure  competency  and  pro- 
vide retraining  as  necessary. 

Financial  Issues 

Should  Resuscitation  Team  Members 
Be  Paid  More? 

Institutional  differences  pose  a  great  number  of  vari- 
ables when  determining  whether  monetary  compensation 
can  or  should  be  provided  for  staff  with  ACLS  skills.  Staff 
who  voluntarily  complete  ACLS  training  or  become 
ACLS  Instructors  should  be  recognized  for  their  effort  and 
professional  attitude.  Various  methods  that  have  been  used 
include:  ( 1 )  increased  performance  appraisal  scores  that 
could  potentially  result  in  a  higher  raise,  (2)  a  salary  in- 
crease, and  (3)  increased  wages  by  advancement  or  promo- 
tion to  a  job  with  more  responsibility. 

What  Costs  Are  Associated  with  Maintaining 
ACLS  Skills? 

In  these  times  of  cost  constraints,  educators  who  are 
charged  to  ensure  competency  are  faced  with  a  real  dilem- 
ma. Emergency  resuscitation  equipment  is  expensive!  Costs 
vary  depending  upon  the  methods  used  and  the  number  of 
professionals  whose  competency  must  be  maintained.  Costs 
that  should  be  considered  include  ( 1 )  time  away  from  direct 
patient  care,  (2)  instructor  preparation  and  training.  (3)  re- 
suscitation supplies  and  equipment,  (4)  model  access  and/or 
maintenance,  and  (5)  ACLS  course  costs  for  regular  renew- 
al. Actronics  Inc  offers  ACLS  and  BLS  justification  work- 
sheets in  their  information  package.  By  simply  inserting 
your  institution's  facts  and  figures,  you  can  (1)  determine 
your  present  costs  for  an  internal  or  external  ACLS  course, 
and  (2)  project  AHA-system  costs.  The  worksheet  is  intend- 
ed to  demonstrate  net  savings  over  a  4-year  period. 

Psychological  Issues 

Enthusiasm:  How  Can  It  Be  Maintained? 

RCPs  must  be  able  to  use  their  acquired  knowledge, 
skills,  and  talents  in  order  to  maintain  enthusiasm  as  a 
valuable  member  of  the  resuscitation  team.  Frustration  is  a 
natural  reaction  in  situations  in  which  health-care 
providers  are  not  allowed  to  perform  in  roles  for  which 
they  are  most  qualified.  Physician  advocacy  and  medical 
director  support  may  be  crucial  to  role  expansion,  especial- 
ly when  data  to  show  that  RCPs  can  participate  in  a  timely, 


safe,  and  cost-effective  way  are  lacking.  If  RCPs  are  ready 
to  accept  the  challenge,  performing  intubations,  defibrilla- 
tion, electrocardiographic  monitoring  and  insertion  of  arte- 
rial lines  and  intravenous  catheters  are  all  within  our  scope 
of  practice  and  depend  only  on  the  willingness  of  the  med- 
ical staff  at  each  facility  to  approve. 

How  Do  We  Improve  the  RCP's  Status 
on  the  Team? 

The  first  step  begins  with  ACLS  Provider  training,  ide- 
ally in  a  multidisciplinary  format.  Not  until  we  can  be  rec- 
ognized as  knowledgeable  in  all  aspects  of  cardiopul- 
monary resuscitation  can  we  achieve  parity  with  other 
members  of  the  team.  We  must  demonstrate  through  our 
knowledge,  skills,  attitudes,  and  behavior,  that  we  are  pro- 
fessionals who  deserve  recognition. 

What  Emotional  Support  Is  Necessary  To  Deal  with 
Reactions  to  Unsuccessful  Resuscitations? 

It  is  important  to  realize  that  caregivers  as  well  as  fami- 
lies experience  grief  reactions.  Health-care  providers  may 
experience  additional  emotions  (ie,  anger,  confusion,  or 
guilt)  after  unsuccessful  resuscitations.  The  new  ACLS 
training  program  includes  a  case  entitled  "Psychological 
Effects  of  CPR  on  the  Rescuer,"  which  includes  recom- 
mendations for  critical  incident  debriefing.71  The  critical 
incident  debriefing  is  a  discussion,  led  by  the  resuscitation 
leader,  that  should  follow  any  resuscitation  attempt  in 
which  there  appeared  to  be  significant  anxiety,  confusion 
or  other  emotional  overtones,  as  well  as  after  unsuccessful 
resuscitations  in  which  the  death  was  unexpected. 

Hospitals  are  now  required  to  have  advisers  such  as 
ethics  committees  and  bioethicists  who  are  available  for 
clinical  ethical  consultations.72  These  committees  or  con- 
sultant members  are  excellent  resources  for  situations  in 
which  health-care  providers  need  further  follow-up  after 
the  critical  incident  debriefing. 

Current  Experience  with  ACLS  Training 

The  scope  of  the  issues  discussed  in  this  paper  vary 
among  hospitals  according  to  bed  size,  operating  budget, 
committment  to  medical  education,  illness  severity  of  in- 
patients, and  other  factors.  The  following  summaries  have 
been  written  from  the  reporting  practitioner's  perspective, 
so  that  you  may  realize  more  fully  the  impact  of  their  ex- 
perience and  be  helped  by  it.  I  began  my  solicitation  of  tes- 
timonials from  the  authors  of  the  letters  responding  to  the 
ACLS-mandate  editorial  by  Drs  Barnes  and  Durbin.6 
They,  in  turn,  referred  me  to  other  hospitals  with  respirato- 
ry therapy  departments  that  were  actively  involved  in 


Respiratory  Care  •  May  '95  Vol  40  No  5 


557 


Maintaining  ACLS  Skills 


ACLS  training.  Therefore,  these  8  centers  represent  a  con- 
venience sample.  Each  was  asked  to  respond  to  a  discus- 
sion-type standard  questionnaire.  Subsequent  follow-up 
was  necessary  to  ensure  accuracy. 

Duke  Medical  Center — 

Durham.  North  Carolina 
Janice  Thalman  BS  RRT 

Our  pediatric-,  neonatal-,  and  adult-care  medical  center 
is  licensed  for  approximately  1,000  beds.  The  Respiratory 
Care  Department  was  established  in  1965,  originally  under 
the  Department  of  Anesthesiology.  At  that  time,  we  of- 
fered to  carry  the  intubation  equipment  to  all  resuscitations 
and  thus  began  our  intubation  service.  Over  the  years,  our 
track  record  has  been  good.  Training  is  now  formalized; 
currently  our  airway-team  members  are  registered  respira- 
tory therapists,  have  passed  intubation  certification,  and 
have  completed  the  ACLS  and  PALS  courses. 

Our  department  is  composed  of  109  clinical  full-time- 
equivalent  employees  (FTEs) — Level  I  (intermediate  care 
only)  and  Level  II — 10  supervisors,  and  20  ECLS  (extra- 
corporeal life  support)  specialists.  The  RRT  credential 
must  be  achieved  to  advance  to  Level  II;  the  practitioner 
selected  for  intubation  training  must  be  a  supervisor  or 
Level-II  therapist  and  must  complete  instruction  in 
ACLS.  Pediatric  practitioners  are  required  to  have  satis- 
factorily completed  PALS.  Supervisors  maintain  ACLS- 
Instructor  status  and  respond  to  all  resuscitations.  ECLS 
specialists  are  trained  in  ACLS  and  PALS.  The 
Emergency  Department  is  staffed  24  hours/day  with  an 
RCP  who  has  completed  ACLS  and  PALS.  Six 
RCPs/shift  are  available  to  respond  to  resuscitation  calls. 
Although  staff  are  not  paid  more  for  ACLS  or  PALS 
course  completion,  the  Level-II  RCPs  are  at  a  higher 
salary  scale,  than  the  Level  I  staff. 

The  RCP's  role  in  emergency  care  includes  intubation, 
basic  life  support  (traditional  airway  care  and  chest  com- 
pression), nasogastric-tube  insertion,  endotracheal  drug 
administration,  arterial  punctures,  and  physician  instruc- 
tion in  these  procedures.  Our  emergency  response  is 
unique  in  that  emergency  airway  equipment  is  handled 
only  by  the  respiratory  care  airway  team.  We  stock  8 
portable  emergency  bags  instead  of  providing  airway 
equipment  for  all  emergency  carts  throughout  the  medi- 
cal center.  Respiratory  Care  Services  performed  791  intu- 
bations over  a  I -year  period,  and  RCP  staff  members 
maintain  records  for  all  intubations  performed. 
Additionally,  the  respiratory  therapy  supervisors  are  the 
primary  data  collectors  during  resuscitations,  formerly  a 
role  of  the  Medicine  fellow.  This  information  is  provided 
to  the  hospital's  Code  5  Committee  for  quality  assurance 
purposes. 


RCPs  participate  in  ACLS  and  PALS  courses  conduct- 
ed internally  by  the  Respiratory  Care  Department.  Classes 
are  held  twice  a  year,  and  instruction  is  provided  by  the 
supervisors  and  by  our  medical  director  who  also  super- 
vises the  Megacode.  Intubation  certification  includes  4 
hours  of  classroom  training.  2  hours  of  clinical  simula- 
tion, a  written  examination,  and  10  successful  intubations 
(under  supervision).  Successful  intubations  are  those  in 
which  the  trachea  is  intubated  with  fewer  than  3  attempts 
and  without  complications.  Maintenance  of  skills  is  docu- 
mented; each  intubator  must  perform  a  minimum  of  6  in- 
tubations/year within  standards  or  they  must  repeat  the  in- 
tubation course.  As  observers  at  each  intubation,  the  area 
supervisor  provides  a  critique  of  the  intubation  following 
each  procedure. 

Intubation  training  costs  are  based  on  8  hours  of  aver- 
age pay  per  clinical  FTE  annually  for  approximately  60 
FTEs.  Additionally.  2-4  RCPs  may  attend  a  2-day 
Instructor  course  each  year.  The  respiratory  care  ACLS 
Instructors  are  paid  for  their  hours  of  instruction  at  their 
standard  rate  of  pay.  Course  participants  must  pay  $10.00 
for  training  manuals.  The  department  has  purchased  an 
electrocardiogram-rhythm  simulator  for  ACLS  training: 
all  other  expenses  for  ACLS  and  intubation  training  are 
taken  from  the  payroll  budget. 

Mayo  Medical  Center — 

Rochester.  Minnesota 
Curt  Buck  CRNA  RRT 

Our  1,000-bed  medical  center  includes  2  hospitals  with 
pediatric,  neonatal,  and  adult  care  and  a  fixed-wing  trans- 
port service  covering  a  5-state  area.  The  Respiratory  Care 
Department  employs  126  (85  non-supervisory)  personnel 
that  are  utilized  in  9  ICUs  and  who  participate  on  nurse- 
therapist  interhospital  transport  teams.  Established  in  1968 
by  a  CRNA/RRT,  the  Respiratory  Therapy  Department 
was  instrumental  in  early  CPR  education  at  the  Mayo 
Clinic.  The  lead-therapist  position  was  created  in  the  mid- 
1970s  for  a  limited  number  of  exceptional  RRTs,  consid- 
ered to  be  the  'answer  persons'  for  respiratory  care.  In  ad- 
dition to  routine  responsibilities,  they  perform  intubations 
and  arterial  line  insertions.  During  resuscitations,  they  pro- 
vide basic  life  support  and  serve  as  secondary  intubators 
when  critical-care  resident  physicians  are  unsuccessful. 
The  neonatal  RRT-RN  transport  team  was  formalized  in 
the  early  1980s;  now  there  is  a  RRT-RN  pediatric  team  as 
well.  The  adult  transport  team  utilizes  RRTs  when  patients 
are  intubated  or  when  they  are  critically  ill  with  the  poten- 
tial to  require  airway  management. 

The  Respiratory  Care  Department  is  comprised  of  sev- 
eral clinical  levels,  with  various  credentials  and  AHA 
course  completion  requirements  for  each. 
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The  RCPs  respond  to  all  resuscitations  and  emergency 
calls,  which  average  240/year.  Our  responsibilities  include 
intubations,  basic  life  support  (traditional  airway  care  and 
chest  compression),  and  arterial-line  insertion.  We  have 
developed  various  strategies  for  maintaining  these  skills: 
( 1 )  Staff  and  lead  therapists  complete  mannequin  intuba- 
tion competency  checks  annually  and  ACLS  training  every 
2  years.  (2)  Transport  team  members  must  document  air- 
way management  techniques  used  in  each  transport.  They 
receive  evaluation  of  the  skills  used  during  the  previous 
quarter's  transports.  Operating  room  intubation  experience 
is  provided  for  those  not  meeting  a  minimum  of  4  intuba- 
tion/year and  for  retraining;  an  animal  (pig)  intubation 
practicum  is  available  quarterly.  (3)  Pediatric  and  neonatal 
transport  team  members  may  attend  a  quarterly  skills  lab 
that  includes  animal  intubation,  central-line  insertion, 
chest-tube  insertion,  and  needle  thoracotomy.  Generally, 
the  neonatal  transport-team  members  are  able  to  maintain 
these  skills  because  of  the  high  volume  of  procedures  per- 
formed in  the  clinical  setting.  Quality  assurance  records  of 
transport  activity  are  collectively  maintained  by  RCPs  and 
the  transport  service.  The  respiratory  care  department 
takes  part  in  the  resuscitation  quality  assurance  program 
through  representation  on  the  hospital's  Resuscitation 
Committee. 

The  expense  for  ACLS  training  ($80/person)  is  paid 
from  the  department  budget,  and  training  time  is  scheduled 
in  the  same  manner  as  routine  work  assignments. 


care  educator  and  a  cardiology  fellow.  With  support  from 
the  American  Heart  Association  and  our  medical  director, 
I  became  the  course  coordinator,  a  job  which  had  been  as- 
signed to  various  people  over  the  previous  10  years. 
Currently  (1995),  we  have  35  instructors  represented  by 
respiratory  care  clinicians  and  supervisors,  nursing  clini- 
cal specialists,  nursing  educators,  cardiology  fellows, 
emergency-medicine  physicians,  staff  physicians,  phar- 
macists, and  paramedics.  In  1994,  we  offered  4  Provider 
courses  and  1  Instructor  course  and  plan  to  offer  5 
Provider  courses  in  1995. 

Our  department  has  a  staff  of  66  therapists,  comprised 
of  Level-I  and  Level-II  practitioners,  supervisors,  and  clin- 
icians. CRTTs  and  RRTs  are  all  trained  and  assigned  the 
same  work  duties;  however,  only  RRTs  are  eligible  to  ad- 
vance to  the  positions  of  relief  supervisor,  supervisor,  and 
clinician.  RCPs  attend  all  resuscitations  (average  0- 
5/week);  their  role  includes  basic  life  support  (traditional 
airway  care  and  chest  compression),  and  arterial  puncture. 
One  strategy  employed  for  maintaining  skills  relies  on 
peer  feedback  from  either  fellow  RCPs  or  other  health- 
care professionals.  When  an  RCP  has  been  reported  to  per- 
form poorly  during  a  resuscitation,  he/she  undergoes  a  re- 
view of  airway-management,  basic-CPR,  and  other  resus- 
citation skills.  Although  ACLS  training  is  not  required, 
RCPs  are  encouraged  to  complete  ACLS  training,  and, 
whereas  the  greatest  number  of  ACLS  course  participants 
are  physicians  and  nurses,  we  have  seen  an  increase  in  the 
number  of  RCP  registrants  since  our  department  became 
responsible  for  the  courses. 

RCPs  pay  their  own  ACLS  course  registration  fee  and 
are  reimbursed  upon  successful  completion.  Although 
ACLS-trained  RCPs  are  not  paid  more  than  those  who  are 
not  ACLS-trained,  obtaining  ACLS-Provider  status  affects 
their  yearly  performance  evaluations  and  may  impact  their 
wage  increases.  The  Respiratory  Care  Department  has  pur- 
chased and  maintains  all  the  equipment  for  ACLS  courses 
with  the  exception  of  defibrillators  and  AEDs,  which  are 
provided  by  Nursing  Service. 

Santa  Barbara  Cottage  Hospital — 

Santa  Barbara,  California 
Paul  Sherman  MS  RPFT  RRT 


St  Luke's  Episcopal  Hospital — 

Houston,  Texas 
Elizabeth  Bearden  RRT 

St  Luke's  Respiratory  Care  Department  is  responsible 
for  coordinating  ACLS  classes  within  our  939-bed  institu- 
tion. It  all  began  in  January  1990  when  two  ACLS  instruc- 
tors discussed  the  need  for  a  formal  ACLS  training  pro- 
gram. This  team  of  2  persons  consisted  of  a  respiratory 


Our  center  is  a  450-bed  pediatric-,  neonatal-,  and  adult- 
care  center.  Five  years  ago,  ACLS  Instructors  and  training- 
center  coordinators  were  all  nurses.  Since  that  time,  the  in- 
volvement of  a  respiratory  therapy  ACLS  Instructor  and  in- 
clusion of  ACLS  in  the  RCP  job  description  has  enhanced 
the  status  of  the  respiratory  therapists  at  our  hospital. 

The  Respiratory  Care  department  is  comprised  of  the 
following  levels,  credentials,  and  AHA-course  completion 
requirements: 
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Level 


Requirements 


Adult  Coordinator 

Senior  RCP 

RCPII 

RCP  I 

Ped/Neo  Coordinator 

Senior  RCP 

RCPII 


RRT.  ACLS 

CRTT*,  ACLS 

CRTT,  ACLS 

CRTT,  BLS 

RRT,  PALS,  NRP 

RRT-eligible,  PALS,  NRP 

RRT-eligible,  PALS,  NRP 


*CRTT,  certified  respiratory  therapy  technician. 


RCPs  respond  to  all  resuscitations  (approximately  1 
every  other  day).  Our  responsibilities  include  intubations, 
basic  life  support  (traditional  airway  care  and  chest  com- 
pressions), and  arterial  punctures,  blood  drawing  from  ar- 
terial lines,  and  analyses  of  blood  samples.  Although  RCPs 
do  not  have  primary  intubation  responsibility,  we  can  intu- 
bate if  no  one  else  is  qualified  or  after  the  resident  has 
failed.  One  to  two  respiratory  care  staff  members  partici- 
pate on  the  hospital's  CPR  Committee  at  all  times;  all  re- 
suscitations are  reviewed  by  this  committee. 

Within  the  neonatal-pediatric  department,  there  are  3 
PALS  instructors  and  3  NRP  instructors  that  teach  the 
course  3  to  4  times  a  year.  These  RCPs  respond  to  all 
codes  in  pediatrics,  emergency  room,  neonatal  and  pedi- 
atric intensive  care  units,  and  newborn  nurseries.  We  are 
the  primary  people  responsible  for  airway  management 
(including  intubation)  within  the  hospital  and  on  trans- 
ports. We  have  a  nurse/RCP  resuscitation  team  for  the 
high-risk  deliveries.  In  addition,  RCP/nurse  team  members 
participate  in  a  comprehensive,  collaborative  teaching  and 
competency  program. 

Our  strategies  for  obtaining  and  maintaining  these 
skills  include  a  comprehensive  educational  program  and 
frequent  Megacode  practice  sessions  conducted  by  our  de- 
partment. Staff  preparing  to  take  the  ACLS  course  are  pro- 
vided with  a  copy  of  "Study  Guidelines  for  Passing 
ACLS,"  created  by  John  Wadley  RRT,  our  ACLS 
Instructor.  They  are  asked  to  pair  up  with  a  partner  to  help 
them  learn  from  their  own  individually  prepared  flash 
cards  and  study  posters.  Structured  ACLS  preparatory  ses- 
sions are  conducted  that  include  a  dysrhythmia  review,  use 
of  an  ACLS  Instructional  computer  disk,  sample  test  ques- 
tions, and  practice  Megacodes.  The  ACLS  course  is  free  to 
employees  of  Santa  Barbara  Cottage  Hospital. 

Kodiak  Island  Hospital — 

Kodiak,  Alaska 

Wayne  Wallace  BA  RRT 

Our  I  -fl(x>r  hospital  has  44  beds  and  serves  patients  of 
all  ages.  As  manager  for  Respiratory  Care,  Physical 
Therapy,   Radiology,   Laboratories,  and  the  Safety 


Department,  I  consider  ACLS  a  job  requirement  for  the 
respiratory  care  staff,  which  includes  myself  and  2  CRTTs. 
We  assist  the  physician  during  exercise  testing  and  must 
be  able  to  manage  emergencies,  often  assuming  traditional 
nursing  responsibilities  because  nurses  are  not  ordinarily 
in  attendance.  We  respond  to  all  resuscitations  (average  2- 
3/month). 

The  RCP's  role  in  emergency  care  varies  at  Kodiak 
Hospital,  and  RCPs  can  perform  all  ACLS  skills  (ie,  intu- 
bation, defibrillation  and  cardioversion,  administration  of 
intravenous  and  endotracheal  drugs,  and  chest  compres- 
sion). Pelegation  of  responsibilities  follows  the  principle 
of  availability — if  everyone  else  is  occupied  and  an  RCP  is 
available  and  qualified  to  intubate,  then  that  RCP  has  intu- 
bation responsibility. 

Our  hospital  administrators  support  AHA  training  for 
BLS,  ACLS,  PALS,  and  NRP  courses  and  believe  creat- 
ing experts  within  the  hospital  is  more  important  than 
sending  staff  252  air  miles  to  Anchorage  for  training.  It  is 
a  value  statement — several  in-house  staff  are  trained  as 
instructors  who  then  train  the  providers  locally.  I  have  be- 
come a  PALS  Instructor  and  an  NRP  Instructor,  and  I  vol- 
unteer to  teach  courses  for  the  nursing  staff.  Likewise, 
nurses  teach  ACLS  and  BLS  courses  for  the  rest  of  the 
hospital  staff. 

Training  costs  are  absorbed  by  the  hospital;  staff  are 
paid  regular  hourly  wages  while  participating  in  or  in- 
structing an  AHA  course.  Tuition  fees  are  provided  when 
necessary.  Additional  services  include  pastoral  or  mental- 
health  debriefing.  Our  strategy  for  maintaining  ACLS 
skills  is  to  provide  periodic  retraining  and  retraining  in  re- 
sponse to  substandard  performance.  Every  resuscitation  is 
reviewed  by  the  Emergency  Room/Intensive  Care  Unit 
Committee,  and  a  respiratory  care  staff  member  partici- 
pates on  this  committee. 

Sinai  Hospital — 

Detroit,  Michigan 
Linda  Zimcosky  RRT 

Sinai  Hospital's  Respiratory  Care  Department  has  co- 
ordinated the  ACLS  program  since  its  implementation  in 
1978,  in  collaboration  with  Emergency  Medicine 
Services.  This  was  accomplished  by  the  director  who 
worked  with  the  cardiologists  to  gain  support  for  the  de- 
velopment of  an  ACLS  program.  The  roles  of  course  di- 
rector and  medical  director  are  currently  performed  by 
the  chairman  of  Emergency  Medicine.  As  Respiratory 
Care  Services  Administrative  Director,  my  role  is  ACLS 
course  coordinator.  The  15  ACLS  faculty  are  a  combina- 
tion of  medical  staff,  respiratory  care  staff,  and  nurses. 
We  offer  3  ACLS-Provider  courses  yearly,  each  with  an 
enrollment  of  70. 
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Our  603-bed  hospital  has  a  staff  of  70  RCPs— the  levels 
are  Technician,  Senior  Technician,  Therapist,  Senior 
Therapist,  Clinical  Coordinator,  and  Supervisor.  All  levels 
must  complete  BLS  training,  and  ACLS  is  highly  encour- 
aged but  not  required.  Neonatal  therapists  are  required  to 
complete  NRP. 

The  RCP's  role  in  emergency  care  includes  basic  life 
support,  rhythm  interpretation,  intravenous  and  endotra- 
cheal drug  administration,  and  intubation  when  an  anesthe- 
siologist is  not  available.  RCPs  attend  all  resuscitations, 
which  numbered  1,427  during  the  1994  fiscal  year.  Our 
strategy  for  maintaining  ACLS  skills  is  to  provide  an  op- 
portunity for  regular  retraining  in  our  ACLS  courses. 
Obtaining  BLS  Instructor  and  ACLS  Provider  and 
Instructor  status  are  recognized  in  the  staff  development 
section  of  an  RCP's  performance  plan.  Although  staff  are 
not  paid  more  for  ACLS  course  completion,  an  increase  in 
their  overall  score  for  job  performance  may  result  in  in- 
creased wages. 

The  Sinai  Hospital  Education  Corporation  has  provided 
financial  support  for  this  program  since  its  beginning  in 
1978.  The  fee  of  $225  per  participant  for  the  ACLS/BLS 
course  is  waived  for  all  hospital  employees.  The 
Respiratory  Care  Department  has  purchased  and  maintains 
all  equipment  for  the  ACLS  courses. 

Memorial  Medical  Center  of  East  Texas — 

Lufkin,  Texas 

David  Henson  BS  RPFT  RRT 

The  Respiratory  Care  Department  at  Memorial  Medical 
Center  is  responsible  for  organizing  and  teaching  ACLS 
classes  countywide.  All  RCPs  are  ACLS  Providers,  and 
many  are  BLS  and  ACLS  Instructors.  The  department's 
Assistant  Director  and  I,  the  Director,  are  ACLS  Affiliate 
Faculty  members.  This  undertaking  began  in  1 982 — at  that 
time,  no  RCPs  were  BLS-trained.  A  plan  was  formalized 
so  that  some  RCPs  would  become  instructors  and  teach 
BLS  to  the  other  RCPs.  We  soon  began  opening  our  class- 
es to  other  hospital  staff,  and  the  plan  was  extended  so  that 
all  RCPs  became  BLS  Instructors,  with  a  few  RCPs  as 
BLS  Instructor-Trainers.  In  1984,  the  grand  plan  expanded 
again — all  RCPs  were  required  to  take  ACLS,  and  encour- 
aged to  become  ACLS  Instructors.  Successful  ACLS 
course  completion  for  100%  of  our  full-time  staff  was 
achieved  in  1991.  Although  many  RCPs  are  ACLS 
Instructors,  they  are  actually  not  the  largest  component  of 
instructors  in  Lufkin;  we  have  many  excellent  nurses, 
paramedics,  and  physicians  who  help  teach  ACLS  for  the 
entire  county. 

Memorial  Medical  Center  has  300  licensed  beds,  and 
the  Respiratory  Therapy  Department  has  20  full-time  and 
30  per-diem  practitioners.  We  offer  a  6-tier  clinical  ladder. 


Requirement 


1 

Perform  electrocardiograms 

2 

Perform  floor  therapy 

3 

Draw  arterial  blood 

4 

Perform  intensive-care  skills 

5 

Perform  neonatal-pediatric  care 

6 

Perform  cardiopulmonary  diagnostics 

All  staff  members  must  be  CRTT-credentialed  with 
ACLS-Provider  and  BLS-Instructor  status.  Many  are 
RRTs  with  training  in  PALS  and  NRP,  and  some  have 
achieved  ACLS-Instructor  status.  Full-time  employees  are 
sent  to  the  first  ACLS  class  scheduled  after  their  hiring, 
and  all  temporary  employees  are  scheduled  within  1  year. 
RCPs  attend  all  resuscitations  and  enjoy  equal  status  with 
other  members  of  the  team.  They  function  in  all  roles — air- 
way management,  intubation  (with  physician  request), 
electrocardiogram-lead  attachment  and  defibrillation, 
chest  compression,  arterial  puncture,  record  keeping,  and 
team  leader.  RCPs  have  achieved  a  great  deal  of  communi- 
ty recognition  and  collegial  appreciation  from  this  endeav- 
or. During  a  recent  resuscitation,  a  physician  observed  an 
RCP  functioning  as  team  leader  during  a  resuscitation.  The 
following  day,  that  physician  personally  commended  the 
RCP  for  his  performance. 

Our  strategy  for  maintaining  skills  is  accomplished,  in 
part,  by  teaching  ACLS  frequently,  and  by  coordinating 
monthly  'mock  codes'  in  all  patient  care  areas.  These  are 
conducted  jointly  by  staff  from  the  respiratory  therapy  and 
nursing  departments.  Each  group  involved  is  graded  on  its 
performance  in  different  categories  and  arrival  times  are 
recorded  for  various  team  members. 

ACLS  course  registration  fees,  books,  and  instructor 
salaries  are  paid  from  the  Respiratory  Therapy  Department 
budget.  Staff  receive  paid  education  days  for  attending 
courses  and  a  small  wage  increase  for  ACLS  course  com- 
pletion. 

Queen's  Medical  Center — 

Honolulu,  Hawaii 
Danny  Langston  RRT 

Our  center  is  a  500-bed  trauma  center  serving  all  types  of 
patients.  At  the  present  time,  our  respiratory  care  staff  en- 
joys a  great  sense  of  accomplishment  and  recognition  from 
participating  in  the  ACLS  courses  offered  at  our  hospital. 
However,  getting  from  there  to  here  was  over  a  difficult 
road  with  many  obstacles.  When  I  became  the  Respiratory 
Care  Education  Coordinator  in  1991,  RCPs  were  not  al- 
lowed to  take  the  ACLS  courses;  enrollment  was  limited  to 
nurses,  physicians,  and  mobile  intensive  care  technicians 
(MICTs).  After  some  insistence  and  persistence,  the  ACLS 
course  director  decided  to  allow  RCPs  to  participate  but 
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would  not  issue  RCPs  the  AHA  course-completion  card. 
Support  from  a  key  Hawaii  Heart  Association  physician  and 
a  nurse  advocate  was  obtained  and,  together,  we  presented  a 
proposal  at  an  ECC  meeting  that  resulted  in  a  majority  vote 
for  RCPs  to  obtain  ACLS  provider  cards.  Back  at  Queen's 
Medical  Center,  a  meeting  of  the  Respiratory  Therapy 
Medical  Director,  Respiratory  Therapy  Department 
Director,  and  Director  of  Nursing  Education  was  held  to  ne- 
gotiate the  number  of  RCPs  who  could  enroll  in  the  ACLS- 
Provider  courses.  In  the  summer  of  1993,  RCPs  received 
permission  to  attend  and  the  preparation  began  as  described 
below.  We  have  a  100%  pass  rate  and  often  receive  the 
highest  scores  in  the  classes.  With  the  exception  of  the  tech- 
nicians, ACLS  training  is  now  required  for  all  RCPs  at 
Queen's  Medical  Center.  We  also  have  several  BLS-, 
ACLS-,  and  NRP-Instructors  in  the  department  at  this  time. 
The  RCPs  respond  to  all  resuscitations.  Our  responsibilities 
include  basic  life  support  (traditional  airway  care  and  chest 
compressions),  endotracheal  drug  administration,  and  car- 
diac-rhythm interpretation.  The  Respiratory  Care 
Department  offers  a  3-level  clinical  ladder. 


Level 


BLS       ACLS       NRP       PALS      ATLS 


Charge  &  Supervisor 
Therapist  (RRT) 
Technician  (CRTT) 


Our  initial  strategy  for  obtaining  these  skills  included 
an  elaborate  inservice  program  conducted  by  our  depart- 
ment. We  proceeded  on  this  venture  with  the  following  ed- 
ucational plan: 

Rhythm  Interpretation 

•  Electrocardiogram  videotape 

•  Electrocardiogram  self-learning  module 
(included  ACLS  algorithms) 

•  Electrocardiogram  flashcards 

•  Electrocardiogram  lectures  at  rounds 

•  Electrocardiogram  pre-  and  posttest 

ACLS  Algorithms 

•  Guest  lecture  reviewing  ACLS  pharmacology 

•  Pharmacology  lectures  during  patient-care 
rounds 

•  PROACT  Project  (Professional  Resources 
Organized  To  Advance  Clinical  Training) 

•  ACLS  flashcards 

•  Algorithm  discussions  at  rounds 

Each  charge  therapist  (PROACT  leader)  took  responsi- 
bility for  5  RCPs'  instruction  and  understanding  of  5  key 
ACLS  algorithms.  This  included  documentation  of  suc- 
cessful completion. 


The  ACLS  course  fee  is  paid  by  the  hospital  education 
fund,  the  Respiratory  Care  Department  pays  the  therapist 
regular  wages  for  attending  the  course.  The  staff  members 
are  responsible  for  purchase  of  the  textbook,  which  is 
about  $10.00. 

In  summary,  whereas  many  nursing  administrators  did 
not  want  us  to  participate  in  ACLS,  many  did,  and  they  were 
the  keys  to  our  success.  A  'nursing-satisfaction-with-RCPs' 
quality-assurance  survey,  conducted  after  our  program  was 
well  underway  asked  the  respondents  to  evaluate  RCPs  per- 
formance pre-  and  post-ACLS  training.  Improvement  in  the 
RCPs'  knowledge  and  assertiveness  in  all  categories  was 
perceived  by  the  nurses. 
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Boudin  Discussion 

Durbin:  The  American  Heart 
Association  has  removed  the  require- 
ment that  physicians  act  as  course  di- 
rectors. Each  of  the  states  has  to  de- 
cide what  the  standard  in  that  state 
should  be.  Most  affiliates.  I  think, 
will  go  along  with  the  AHA  recom- 
mendation. This  should  make  a  huge 
difference  in  the  ability  to  put  on 
courses  for  various  and  sundry 
groups,  and,  I  think,  will  help  the  pro- 
cess along  immensely  even  though  it 
may  take  a  year  or  two  to  get  going. 
The  new  administrative  manual 
should  help  a  lot.  May  I  ask,  did  you 
see  any  reports  on  videotaping  codes 
and  debriefing?  Could  this  be  used  as 
a  criterion  for  recertification  or  evalu- 
ation of  performance? 

Boudin:  Videotaping  mock  codes  or 
simulated  cardiac  arrests  as  a  method 
of  evaluating  performance  has  been 
reported  in  the  literature.1  An  audio- 
cassette  tape  and  written  record  has 
also  been  shown  to  provide  useful  in- 
formation.2 

I  Papadopoulos  DA.  Cardiopulmonary 
resuscitation  training  in  a  family 
medicine  residency.  J  Fam  Practice 
I981;12(6):1013-1016. 

2.  Palmisano  .IM,  Akingbola  OA,  Moler 
FW,  Custer  JR.  Simulated  pediatric 
cardiopulmonary  resuscitation:  initial 
events  and  response  times  of  a  hospital 
arrest  team.  Respir  Care  1994:39(7): 
725-729. 


Mathews:  Karen,  I  have  2  comments, 


one  regarding  videotaping.  We  used 
to  do  that  when  I  was  at  Yale  a  long 
time  ago,  until  the  Legal  Counsel's 
Office  found  out  about  it.  Then  they 
put  a  quick  stop  to  it.  We  used  to  have 
cameras  on  all  the  beds  in  one  ICU, 
but  the  lawyers  just  said  Absolutely 
not!  So,  if  you're  going  to  use  video- 
tapes as  a  training  aid,  you'd  better 
use  simulated  patients,  not  real  ones. 
Secondly,  I  was  a  little  concerned 
that,  when  you  discussed  the  interac- 
tive videos  computer  simulations,  you 
didn't  point  out  that  this  is  not  really 
skills  training,  but  cognitive  testing. 
You  can't  teach  people  psychomotor 
skills  using  the  interactive  videos  and 
the  like,  and  many  of  the  skills  we're 
talking  about  are  psychomotor  skills. 
We  have  to  take  that  into  considera- 
tion, too.  I  would  suggest  that  a  nice 
combination  would  be  Dr  Kaye's 
Megacode  with  the  computer  simula- 
tion for  the  cognitive  and  maybe  some 
of  the  affective  domain. 

Boudin:  Actually,  interactive 
videodisc  technology  is  not  limited  to 
cognitive  training.  You  can  use  the 
computer  system  for  teaching  psy- 
chomotor skills  when  you  have  the 
appropriate  mannequins  that  interact 
with  the  computer.  The  information, 
supplied  by  Actronics  Inc'  slates  that 
use  of  their  courseware  and  test  sta- 
tion is  a  valid  method  of  obtaining 
course  completion  in  BLS  and  ACLS. 

1.  Actronics  Inc.  The  CPR/ACLS  multi- 
media courseware  (product  literature ). 
Pittsburgh:  Actronics  Inc.  1994. 


Mathews:  That  may  well  be  true  for 
cognitive  skills  training,  but  I  don't 
see  how  you  can  do  actual  procedures. 
You  can  say,  "Yes,  this  is  the  correct 
procedure  to  use,"  but  you  can't  do 
that.  You  can't  do  cardiac  massage  or 
intubation  using  that  technology.  It 
just  isn't  possible  at  this  time. 

Barnes:  Art  (Sanders)  probably 
wants  to  comment  on  this  too,  but  I 
was  just  talking  with  the  Actronics 
people  at  the  last  Heart  Association 
meeting,  and  part  of  the  great  ex- 
pense is  that  they  have  sensors  built 
into  a  Laerdal  mannequin,  and  I  think 
the  mannequin  with  the  sensor  sys- 
tem is  about  $22,000.  I  think  it  does 
go  quite  a  long  way  toward  measur- 
ing the  psychomotor  skills  using 
these  sensors. 

Sanders:  That's  exactly  right.  The 
technology  is  available  to  teach  and 
evaluate  psychomotor  skills  and 
knowledge.  Sophisticated  mannequins 
can  teach  and  assess  CPR  as  well  as 
endotracheal  intubation.  Some  adults 
learn  well  using  these  devices  and 
pace  themselves  and  their  progress. 
Others  find  it  harder  to  reach  course 
completion  on  the  mannequin  because 
it  requires  perfect  CPR. 

Barnes:  Pat  Brougher  sent  me  a  very 
interesting  paper  recently  describing 
the  videotaping  of  difficult  intuba- 
tions in  the  emergency  room.  It  was  a 
very  elaborate  system,  not  only  to 
videotape  the  actual  procedure,  but  all 
the  data  were  recorded  on  videotape. 
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sound  was  recorded.  They  found  it 
very  useful  for  difficult  intubations 
that  were  done  incorrectly  when  they 
had  a  debriefing  session  afterward  be- 
cause the  people  involved  couldn't  re- 
member the  specifics  of  what  hap- 
pened. When  they  watched  the  video- 
tape, listened  to  the  audiotapes,  and 
actually  reviewed  the  data  recorded 
simultaneously,  they  were  amazed  at 
how  much  they  had  forgotten  and 
how  things  had  changed  from  the 
anecdotal  versions  that  they  had  got- 
ten second  or  third  hand.  So,  there's 
been  quite  a  bit  of  work,  and  I  think  a 
lot  of  us  have  read  the  experience 
with  the  emergency  trauma  room 
where  they  videotaped  the  trauma 
team  over  a  period  of  6  months.  Each 
week  they  watched  the  videotapes  and 
the  performance  of  the  trauma  team. 
They  were  able  to  show  that  the  per- 
formance of  the  trauma  team  actually 
improved  over  6  months  because  of 
their  tapes. 

Masferrer:  I  don't  understand  why 
all  RCPs  are  not  ACLS-trained  and 
why  the  schools  of  respiratory  thera- 
py don't  train  people  in  ACLS  by  the 
time  they  graduate. 

Boudin:  I  know  that  Bob  Fluck  is 
going  to  talk  about  the  training  of 
students  in  his  presentation,  which  is 
next.  Why  don't  all  respiratory  care 
practitioners  take  ACLS?  Well,  for 
one.  I  believe  that,  in  the  hospitals,  it 
hasn't  been  emphasized  as  an  impor- 
tant skill  for  RCPs.  There's  also  the 
feeling  that  may  be  expressed.  Why 
should  I  learn  ACLS  when  I  don't  do 
ACLS?  I'd  like  to  turn  the  question 
around  to  them  and  ask.  How  can 
you  expect  to  perform  ACLS  if  you 
refuse  to  learn  the  skills?  The  first 
steps  are  to  adopt  a  professional  atti- 
tude and  to  want  to  learn  the  neces- 
sary information. 

Masferrer:  Let's  say  that  I  want  to 
become  ACLS-trained  when  I  go 
back  to  Dallas. 


Boudin:  It's  really  not  as  difficult  as 
many  people  believe  it  to  be.  With 
adequate  preparation  and  encourage- 
ment, it's  very  easily  accomplished. 

Barnes:  Let  me  make  an  attempt  at 
this.  I've  been  wrestling  with  this,  as 
you  know,  for  a  long  time.  It's  ex- 
tremely frustrating.  I  would  say  that 
the  good  schools  do  provide  ACLS- 
provider  training  right  before  the  stu- 
dent graduates  and  the  poor  schools 
don't.  I  can  tell  you  that  there  are  a  lot 
of  1-year  schools  that  probably 
shouldn't  exist  in  our  field.  The  tech- 
nology has  gone  far  enough  that  you 
really  can't  train  an  entry-level  per- 
son in  1  year  or  15  months.  We  need 
a  minimum  associate  degree  entry- 
level  in  our  field,  like  the  AS  degree 
nurse  and  the  BSN  nurse.  That's  long 
overdue,  and  the  fact  of  the  matter  is 
we  have  180  1-year  technician  pro- 
grams. People  in  hospitals  don't 
know  the  difference  between  a  regis- 
tered therapist  and  a  certified  respira- 
tory therapy  technician.  That's  not  to 
say  that  some  individual  technicians 
can't  function  at  a  therapist  level 
through  on-the-job  training  or  indi- 
vidual initiative.  What  we  need  is  a 
common  across-the-board  standard 
with  pharmacology,  time  for  discus- 
sions on  intravenous  infusions,  and 
all  the  things  that  we're  hoping  thera- 
pists will  do.  Students  really  can't 
learn  mechanical  ventilation,  acid- 
base  balance  and  the  rest  of  what  we 
give  them  and  fit  ACLS  into  a  15- 
month  or  12-month  curriculum.  Just 
one  last  comment.  We  work  all  over 
the  hospital.  When  we  talk  to  young 
people  about  careers  in  respiratory 
care,  ACLS  is  one  of  the  things  we 
emphasize.  The  excitement  of  the 
field  is  that  you'll  be  working  with  a 
neonate  at  one  moment  and  a  geri- 
atric patient  the  next,  a  surgical  pa- 
tient in  one  part  of  the  day  and  an 
emergency  room  patient  in  another 
part.  We  literally  travel  the  hospital. 
So  when  things  happen,  we're  there. 
That  means  that  we  just  can't  have  an 


elite  group  who  are  highly  trained. 
The  average  therapist  who  is  all  over 
the  hospital  has  to  have  a  minimum 
base  of  ACLS  skills.  So,  I'm  very 
much  in  favor  of  having  everybody 
have  ACLS  in  school.  And,  as  Ray 
implied,  that's  really  an  indictment  of 
the  schools.  There  should  be  a  lot  of 
embarrassed  program  directors. 

Rau:  I'm  a  program  director,  so  I'll 
be  embarrassed.  I'd  like  to  put  it  in  a 
different  perspective  if  I  could, 
though,  Tom.  I  think  you  sort  of  di- 
gressed a  little  bit  and  used  that  as  a 
platform  to  talk  about  getting  rid  of  1- 
year  programs,  and  certainly,  it's  a 
big  jump  there.  If  we  require  ACLS, 
that  would  be  a  big  argument  for  get- 
ting rid  of  1-year  programs,  but  I 
think  that's  a  separate  issue,  because 
the  first  question,  the  logically  prior 
question,  is  ACLS.  We  can  train,  and 
we  do  have  an  ACLS  course  in  our 
curriculum.  If  you  are  training  them 
for  skills  that  they  are  not  able  to 
practice  in  the  workplace,  you  create 
a  frustrated  student.  I  was  frustrated 
as  a  student — a  long  time  ago,  back 
in  1972  when  I  got  into  the  field — be- 
cause I  learned  things  that  I  couldn't 
practice.  In  some  places  we  don't  re- 
ally even  manage  ventilators.  We  are 
told  which  knob  to  turn  and  what 
number  to  put  it  on  or  which  part  of 
the  membrane  touch  pad  to  hit.  I 
don't  think  it's  the  school's  issue,  and 
my  response  to  you  would  be  that  we 
have  to  put  it  into  the  perspective  by 
saying.  This  is  the  workplace.  We've 
got  to  synchronize  with  the  schools. 
We  can  pass  an  ordinance  and  say 
every  school  should  have  an  ACLS 
course,  but  it's  got  to  happen  in  the 
workplace,  and  then  we  can  satisfy 
the  workplace  demand. 

Barnes:  You  cannot  expect  medical 
directors  and  medical  committees  to 
allow  RCPs  to  exercise  these  skills 
unless  they  have  the  education  first.  I 
think  that  education  has  to  come  first. 
There  may  be  a  really  tough  period  of 
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time — 2-5  years — where  people  are 
chafing  at  the  bit  because  they're 
highly  educated  and  trained  and  they 
can't  do  these  things.  But  that  has  to 
come  first.  It's  one  of  the  first  ques- 
tions licensure  boards  ask.  What  was 
the  education  and  the  training  related 
to  this  particular  skill? 

Malinow ski:  As  a  former  educator  in 
a  respiratory  care  program.  I  can  tell 
you  that  two  things  that  dictate  our 
curriculum  are  the  job  market,  what 
employers  tell  us  they  need,  and  the 
NBRC  test  matrix.  Many  of  us  are 
held  to  evaluation  on  these  two  as- 
pects because  they  are  integral  to  ac- 
creditation. When  evaluating  the  out- 
comes of  your  program,  you  must 
look  at  how  many  of  your  students 
pass  the  boards.  The  NBRC  matrix  is 
based  on  job  analyses  that  do  not 
show  that  respiratory  therapists  start 
I.V.s,  administer  drugs,  or  perform 
many  other  ACLS  skills.  When 
you're  trying  to  fit  all  the  information 
that's  required  into  a  very  short  cur- 
riculum, it's  very  difficult.  Our  bac- 
calaureate-degree program  incorpo- 
rates ACLS  training,  but  it's  very  dif- 
ficult to  fit  it  into  the  associate-degree 
program.  Our  employers  are  now 
telling  us  that  they  want  therapists 
who  can  do  electrocardiograms  and 
who  are  skilled  in  many  other  areas. 
Some  hospitals  are  training  RCPs  to 
wash  patients  and  empty  bedpans. 
Our  educational  system  is  having  dif- 
ficulty producing  a  student  who  can 
meet  the  changing  needs  of  health 
care  at  a  cost  it  is  willing  to  pay  and  in 
the  time  allotted.  So.  while  I  personal- 
ly think  ACLS  training  is  valuable, 
again,  if  it's  not  being  requested  by 
employers  or  required  by  the  creden- 


tialing  board,  it  is  difficult  for  educa- 
tors to  justify  providing  it. 

Boudin:  The  diagram  I  showed  was 
actually  a  random  sample  of  only  8 
hospitals  I  surveyed.  In  no  way  was  it 
meant  to  be  inclusive  of  all  the  hospi- 
tals that  train  RCPs  in  ACLS.  It 
would  be  difficult  to  conduct  a  survey 
of  all  the  hospitals  in  the  United 
States,  but,  certainly,  such  informa- 
tion would  be  interesting. 

I  do  want  to  make  a  point  about 
the  advantage  an  ACLS-trained  RCP 
has  in  the  job  market — Respiratory 
care  department  administrators  can 
be  very  impressed  by  seeing  this  on 
an  applicant's  resume.  They  move 
that  application  to  the  top  of  the 
stack,  even  if  ACLS  is  not  a  require- 
ment for  their  department,  and  that 
applicant  has  a  better  opportunity  of 
getting  a  position  when  there  are  a 
limited  number  of  openings  avail- 
able. It  really  speaks  for  professional- 
ism, just  as  the  RRT  credential  and 
the  other  NBRC  credentials  do. 

Fluck:  The  RRT  exam  matrix  does 
include  sections  on  defibrillation,  ad- 
ministration of  epinephrine  and  bi- 
carbonate, airway  management — all 
ACLS  skills.  So  they  are  already 
there,  which  means  employers  are  al- 
ready looking  for  people  to  do  those 
kinds  of  things. 

Malinowski:  But  that  information  is 
taught  in  typical  curricula.  If  you  look 
at  ACLS  skills,  therapists  have  a  lot  of 
them  already.  Maybe  the  new  for- 
mat— an  educational  program  instead 
of  a  certification — will  facilitate  the 
incorporation  of  knowledge  and  skills 
already  in  place  in  the  RCP's  educa- 


tional program.  My  concern  is  that 
just  adding  additional  time,  practice, 
testing,  and  study  to  programs  that  are 
already  struggling  to  achieve  what  is 
necessary  for  the  advanced  skills  and 
knowledge  now  being  demanded  of 
their  graduates  is  difficult. 

Fluck:  We  just  have  to  decide  that 
it's  a  priority,  and  do  it. 

Kaye:  Be  careful,  however,  because  I 
think  that  you're  still  going  to  have  to 
devote  a  lot  of  precourse  emphasis  on 
those  areas  where  RCPs  may  have  no 
expertise — for  example,  arrhythmias 
and  drugs.  Ultimately,  it  must  be  in 
the  schools.  I  agree  that  that's  the  an- 
swer. But  I  don't  think  that  the  situa- 
tion is  any  different  for  medical  stu- 
dents or  even  junior  critical  care  nurs- 
es. I  think  it's  a  little  hill,  not  a  big 
hill.  A  couple  of  other  comments. 
Karen.  I  hope  that  the  people  with 
whom  you've  been  in  touch  who  have 
done  these  ACLS  courses  are  going  to 
publish  their  results.  It's  terribly  im- 
portant, and  I  think  maybe  one  of  the 
roles  you  can  play  is  get  to  them  and 
say.  Please  publish  your  results — es- 
pecially if  they're  using  them  for  their 
quality  improvement  program. 

Boudin:  I'll  do  that.  Bill.  Most  of  the 
respiratory  care  departments  that  I 
contacted  were  very  enthusiastic  to 
provide  information  when  I  told  them 
their  experiences  were  going  to  be 
published  in  RESPIRATORY  CARE. 

Kaye:  But  encourage  them  to  evalu- 
ate performance.  We  need  some  post- 
training  data  to  show  that  therapists 
can  learn  just  as  well  as  doctors  and 
nurses.  It's  no  different. 
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Introduction 

Before  addressing  the  issue  of  Advanced  Cardiac  Life 
Support  (ACLS)  training  for  students,  it  is  best  to  organize 
one's  thoughts  by  deciding  the  key  questions  that  need  to 
be  answered.  It  may  also  be  useful  to  note  the  distinction 
between  the  word  education  and  the  word  training  because 
we  chose  training  for  the  title  of  this  article.  Both  terms 
connote  conveying  information  and  experience.  The  aim  in 
education  is  to  improve  the  person's  knowledge,  in  train- 
ing, the  person's  skills  or  performance.1  In  spite  of  the  pejo- 
rative connotation  of  training  (eg,  "We  could  train  a  mon- 
key to  do  that!"),  it  is  a  useful  distinction.  In  an  ACLS 
course,  participants  need  to  do  things  during  the  course,  not 
merely  absorb  knowledge  like  sponges.  Although  the  term 
training  has  received  undeserved  'bad  press,'  emphasis  on 
education  without  training  in  any  endeavor  that  involves 
both  knowledge  and  psychomotor  performance  is  wholly 
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inappropriate.  The  reader  is  directed  to  the  Clinical  Practice 
Guidelines  published  by  the  American  Association  for 
Respiratory  Care;  all  of  them  (for  example.  Resuscitation  in 
Acute  Care  Hospitals2)  emphasize  both  knowledge  and 
demonstrated  ability  to  perform. 

ACLS  courses  have  been  taught  for  more  than  20 
years — since  the  first  course  was  developed  by  the 
Nebraska  Affiliate  of  the  American  Heart  Association 
(AHA).3  However,  it  has  been  only  in  the  last  5  years  that 
we  have  seen  a  greater  effort  exerted  to  have  respiratory 
care  practitioners  (RCPs)  participate  in  ACLS  training. 

Why  Should  Respiratory  Care  Practitioners 
Learn  ACLS? 

In  almost  all  hospital  situations,  the  RCP  has  flexibility 
and  a  knowledge  of  the  entire  hospital  that  make  him  or 
her  valuable  anywhere  in  house  as  a  member  of  the  code, 
or  resuscitation,  team.  Further,  with  few  exceptions,  respi- 
ratory care  personnel  are  in  the  hospital  24  hours  a  day,  7 
days  a  week,  throughout  the  year.  In  smaller  community 
hospitals,  the  RCP  may  well  be  the  only  person  present  in 
the  hospital  who  has  knowledge  and  training  in  airway 
management,  positive  pressure  ventilation  (both  manual 
and  mechanical),  and  blood-gas  sampling,  analysis,  and 
evaluation. 

Next,  the  AARC  Clinical  Practice  Guideline — 
Resuscitation  in  Acute  Care  Hospitals — specifies  that 
Level-II  personnel  be  trained,  evaluated,  and  retrained  in 
ACLS,  at  intervals  of  no  longer  than  1  year.2  The  recom- 
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mendation  for  a  1  -year  retraining  interval  deserves  mention 
because  the  AHA-recommended  interval  is  2  years  (as  en- 
tered on  course-completion  cards).  In  1983,  Stross4  discov- 
ered that  only  slightly  more  than  50%  of  physicians  trained 
in  ACLS  would  initiate  appropriate  therapy  when  presented 
a  mock  arrest  scenario  1  year  following  their  training.  He, 
therefore,  recommended  yearly  recertification. 

In  1 992,  Barnes  and  Durbin5  recommended  that  respira- 
tory therapists  who  frequently  assist  with  resuscitations  re- 
ceive ACLS  training.  Two  members  of  the  AHA's  ACLS 
Education  Panel  have  said,  "The  sole  purpose  of  the  ACLS 
Training  Program  is  the  education  of  health  professionals 
whose  jobs  include  the  management  of  arrest  and  near-ar- 
rest patients."6  In  September  1992,  then-AARC  President 
Bob  Demers  asked  for  membership  input  into  a  proposed 
position  statement  that  would  recommend  ACLS  training 
for  all  respiratory  care  practitioners  practicing  in  critical 
care  units  and  emergency  departments.7  Several  practition- 
ers wrote  to  provide  support  for  the  notion  of  RCPs'  being 
trained  in  ACLS.  One  therapist  in  home  care8  wrote  to  en- 
courage immediate  implementation  of  the  Barnes  and 
Durbin  recommendation.  Reasons  that  he  gave  for  imme- 
diate implementation  included  improving  credibility,  en- 
hancing knowledge  and  skills,  and  increased  earning 
power  as  a  result  of  the  increased  utility  of  the  practition- 
ers. Bearden,  an  ACLS  coordinator9  mentioned  her  depart- 
ment's coordination  of  ACLS  classes  for  her  hospital  and 
the  accessibility  that  this  affords  RCPs  to  the  training.  She 
included  respect  from  other  health-care  providers  and  cita- 
tion in  the  RCP's  yearly  performance  evaluation  as  bene- 
fits. Gallo10  agreed  with  Barnes  and  Durbin  and  pointed 
out  that  having  RCPs  who  are  ACLS  instructors  in  her  de- 
partment makes  it  more  economical  to  achieve  her  depart- 
ment's goal  of  having  all  RCPs  who  perform  endotracheal 
intubation  achieve  ACLS  certification.  Henson"  ex- 
pressed surprise  that  more  departments  have  not  achieved 
what  his  department  had  achieved  1  year  earlier — having 
all  staff  complete  ACLS  training.  The  major  benefit  he 
mentions  is  increased  professionalism  among  department 
staff,  facilitating  their  dealing  with  other  health-care  pro- 
fessionals on  an  equal  basis.  His  staff  speak  up  during  re- 
suscitations when  they  feel  something  can  be  improved. 

In  the  second  edition  of  the  ACLS  textbook,12  the  AHA 
emphasizes  two  objectives  of  ACLS  training:  ( 1 )  to  dissem- 
inate the  guidelines  as  broadly  as  possible;  and  (2)  to  en- 
courage the  interdisciplinary  nature  of  the  ACLS  program. 
Although  RCPs  are  not  specially  mentioned,  both  of  these 
goal,  make  it  reasonable  for  RCPs  to  be  included  in  ACLS 
training  on  an  equal  footing  with  other  health-care  workers. 

Donofrio  and  colleagues11  found,  among  house  officers 
who  had  ACLS  training,  increased  confidence  in  their  abil- 
ity to  resuscitate  appropriately,  hunkhouser  and  Hayward14 
found  better  performance,  more  confidence,  and  less  anxi- 


ety during  simulated  resuscitation  exercises  among  those 
who  had  completed  ACLS  training. 

In  evaluating  the  knowledge  level  of  practitioners  in  12 
rural  hospitals,  Birnbaum  and  associates15  found  "substan- 
tial" weakness  in  electrocardiogram  (ECG)  interpretation, 
interpretation  of  acid-base  disturbances,  pharmacology, 
and  airway  management  techniques.  It  is  important  to  note 
that  RCPs  comprised  only  9  of  461  people  who  were  eval- 
uated for  this  study.  However,  RCPs  are  experts  in  airway 
management  and  acid-base  interpretation  and  receive  edu- 
cation and  training  in  pharmacology  related  to  resuscita- 
tion and  in  ECG  interpretation.  Thus,  ACLS  training  can 
only  enhance  their  utility  during  resuscitations  in  these 
small  hospitals. 

In  spite  of  the  many  benefits  and  advantages  of  ACLS 
training  for  RCPs,  all  is  not  well  everywhere.  Burns16 
wrote  in  a  letter  to  this  journal  of  a  "backlash"  against  ac- 
tive therapist  participation  in  resuscitation,  specifically  re- 
lated to  performing  intubations.  He  cites  many  "less  than 
sincere"  reasons  expressed  by  those  advocating  that  only 
physicians  intubate.  There  is  what  I  consider  to  be  a  less- 
than-subtle  derogation  of  RCPs  contained  in  the  latest 
ACLS  Instructor's  Manual.17  Under  the  section  titled 
"Problems  in  ACLS  Education:  More  Tricks  of  the  Trade," 
a  scenario  is  presented  in  which  two  of  the  students  in  an 
ACLS  Instructor's  Course  are  respiratory  therapists.  The 
students  are  described  as  being  "uninterested,  holding 
back,  not  getting  involved"  and  having  "only  the  most  cur- 
sory understanding  of  ACLS  concepts."  No  other  health 
profession  is  singled  out  as  being  a  potential  problem  in 
ACLS  training. 

Why  Should  Respiratory  Care  Students 
Learn  ACLS? 

Barnes  and  Durbin5  assert  that  it  makes  the  student  (as  a 
graduate)  more  "marketable,"  a  sentiment  echoed  by 
Hunter,  as  quoted  in  a  recent  article.18  They  reiterate  the 
points  made  by  Donofrio  et  al13  and  Funkhouser  and 
Hayward14  that  those  with  ACLS  training  are  more  confi- 
dent, perform  more  competently,  and  have  less  anxiety 
during  resuscitation  situations.  Shaffer19  has  offered  ACLS 
as  an  option  to  her  students  for  7  years;  more  than  80% 
now  take  the  course.  She  believes  that  the  benefits  accru- 
ing from  ACLS  training  for  students  include  a  higher  level 
of  credibility  and  improved  interdisciplinary  relationships. 

What  Skills  Should  Students  Master? 

We  turn  our  attention  next  to  those  skills  that  students 
should  master.  Although  the  answer  may  seem  obvious  to 
the  most  casual  observer,  it  may  not  be.  For  example, 
ACLS  training  in  our  institution  was  recently  moved  from 
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Critical  Care  to  Emergency  Medicine,  and,  as  a  conse- 
quence, medical  directors  were  changed.  I  called  to  intro- 
duce myself  to  the  new  medical  director,  and  we  talked  for 
a  few  minutes.  In  the  course  of  the  conversation,  he  asked 
me  whether  we  delivered  an  ACLS  course  tailored  to  res- 
piratory therapists  and  what  skills  we  expected  them  to 
master.  I  was  taken  aback  by  this,  but  quickly  responded 
that  we  expected  them  to  master  all  of  the  required  skills. 
(In  fact,  we  spend  more  time  on  non-RCP  skills,  such  as 
I.V.  insertion,  specifically  because  they  have  not  been  pre- 
viously trained  in  those.)  The  medical  director's  response 
seems  to  reflect  a  mindset  of  compartmentalizing  thera- 
pists' knowledge  and  skills  as  being  limited  only  to  airway 
management.  However,  because  most  of  the  hospital  beds 
in  the  United  States  are  in  smaller  community  hospitals,  it 
makes  more  sense  to  have  therapists  skilled  in  all  aspects 
of  resuscitation.  In  community  hospitals,  no  physicians 
may  be  present  most  of  the  time.  When  a  resuscitation 
does  occur,  nurses  and  respiratory  care  practitioners  per- 
form the  resuscitation.  There  is  no  reason  that  the  RCP 
cannot  be  the  team  leader  or  function  in  any  position  on  the 
team.  Further,  in  larger  hospitals  with  house  staff,  the  ther- 
apist may  arrive  before  the  house  staff;  because  time  is 
crucial  in  resuscitation,  it  is  important  that  the  RCPs  be 
trained  to  take  possibly  life-saving  or  life-sustaining  ac- 
tions prior  to  the  arrival  of  the  house  officer — if  the  hospi- 
tal allows  him  to  do  so. 


violate  several  of  the  tenets  of  adult  education.  Most  impor- 
tantly, the  students  need  to  be  able  to  apply  (use)  immedi- 
ately what  they  have  learned.  They  also  need  to  see  the  rel- 
evance of  what  they  are  learning.  Finally,  they  need  to  build 
upon  and  connect  these  new  skills  and  knowledge  to  what 
they  already  know  and  can  do.  The  new  ACLS  Instructor's 
Manual  uses  entirely  scenario-based  learning  and  evaluat- 
ing. The  students  are  evaluated  as  they  practice  in  a  given 
situation  (such  as  a  patient  in  stable  supraventricular  tachy- 
cardia). All  the  skills  and  knowledge  necessary  for  success- 
ful treatment  of  this  type  of  rhythm  are  learned  in  the  con- 
text of  the  patient  situation,  with  the  patient  giving  a  vari- 
able response  to  treatment  and  exhibiting  the  consequences 
of  inappropriate  treatment.  If  a  student  displays  mastery 
during  the  teaching  session,  he  does  not  have  to  return  to  be 
formally  checked  off  at  a  testing  session. 

In  fact,  "mastery"  may  be  defined  differently  for  differ- 
ent people,  even  within  the  same  course.  Billi20  makes  this 
point  in  two  different  ways.  Because  rescuers  may  be 
called  upon  to  perform  different  functions  during  an  arrest 
situation,  the  level  of  perfection  to  which  the  person  is  held 
depends  on  the  person's  profession,  role,  and  the  practice 
setting.  Secondly,  the  object  of  an  ACLS  course  is  to  raise 
the  level  of  knowledge  and  skills  of  each  participant  as 
much  as  possible,  within  the  time  limits  of  the  course;  each 
person  need  not  necessarily  achieve  parity  of  skills  and 
knowledge  with  all  other  course  participants. 


How  Should  Competency  Be  Evaluated? 

Evaluation  of  competency  related  to  ACLS  has  under- 
gone important  changes  with  the  publishing  of  the  new 
Instructor's  Manual.17  Under  the  old  course  format  (with 
the  exception  of  the  much-feared  Megacode  station),  skills 
and  knowledge  were  evaluated  at  stations  that  merely  test- 
ed psychomotor  skills  (and  perhaps  some  knowledge)  'in  a 
vacuum.'  There  was  a  station  at  which  one  started  an  I.V. 
line;  one  at  which  one  inserted  airways  and  endotracheal 
tubes;  one  at  which  one  interpreted  'static'  EKG  rhythm 
strips;  another  at  which  one  interpreted  the  rhythm  from  a 
monitor  screen  and  defibrillated  as  appropriate.  Only  at  the 
Megacode  station  did  the  student  actually  apply  what  he 
was  learning  in  a  simulation — interpret  an  ECG  rhythm, 
determine  and  deliver  appropriate  therapy,  evaluate  the  pa- 
tient's response  to  the  therapy,  and  alter  therapy  as  appro- 
priate. This  paralleled  the  way  in  which  the  course  was 
taught.  There  was  a  pharmacology  lecture,  an  airway-man- 
agement and  oxygen-therapy  lecture,  an  EKG-interpreta- 
tion  lecture,  a  lecture  on  special  resuscitation  situations, 
even  (incredibly  enough)  a  lecture  on  "putting  it  all  togeth- 
er" (application). 

Most  of  the  students  in  an  ACLS  course  are  adults  older 
than  20  years  of  age.  The  teaching/learning  methods  listed 


Can  Students  Learn  All  the  Material 
during  the  Course  Itself? 

The  answer  seems  self-evident — 'certainly  not.' 
Birnbaum  and  colleagues21  found  that  most  of  those  who 
dropped  out  of  their  ACLS  course  were  not  adequately  pre- 
pared ahead  of  time.  (One  can  assume  that  these  were  hospi- 
tal employees  who  had  already  graduated  from  health  pro- 
fession educational  programs).  The  time  format  of  an  ACLS 
provider  course  is  3  days  (a  total  of  about  24  class  hours)  for 
neophytes,  those  who  have  never  taken  the  course  before  or 
who  do  not  use  the  course  material  on  a  frequent  basis. 

The  volume  of  material  covered  during  the  course  pre- 
cludes effective  mastery  of  the  subjects  unless  the  material 
has  been  introduced  earlier.  ECG  interpretation  alone  can 
take  several  weeks  and  much  practice  to  achieve  even  a 
minimum  level  of  competency.  The  list  of  drugs,  including 
actions,  doses,  contraindications,  and  side  effects,  is  long 
and  daunting  to  someone  who  has  not  seen  it  before. 
Finally,  the  different  algorithms  (especially  the  complex 
tachycardia  algorithm)  cannot  possibly  be  learned  during 
the  short  time  of  the  actual  course.  Consequently,  the  pres- 
sure on  students  is  high  and  may  hinder  the  learning  pro- 
cess. An  alternative  is  proposed  by  King  and  Lee,22  who 
delivered  the  ACLS  course  for  medical  students  over  a  6- 
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day  period,  including  a  day  off  after  3  days.  Their  aggre- 
gate pass  rate  for  all  stations  was  86%  on  the  first  attempt 
and  100%  on  the  second. 

What  Material  Needs  To  Be  Taught 
in  Anticipation? 

If  students  cannot  learn  everything  within  the  confines 
of  the  course,  what  needs  to  be  taught  in  advance?  ECG  in- 
terpretation fits  nicely  into  a  cardiovascular  physiology 
course;  in  fact,  it  is  hard  to  imagine  such  a  course  without  a 
unit  on  ECGs.  Pharmacology  also  fits  well  into  cardiovas- 
cular physiology  because  nearly  all  of  the  drugs  affect  the 
cardiovascular  system  directly.  A  general  pharmacology 
course  may  also  address  such  drugs;  however,  because  of 
the  number  of  drugs  covered  in  a  general  course,  ACLS 
drugs  might  not  receive  sufficient  emphasis.  General  phar- 
macology would  certainly  be  helpful  as  a  basis,  but  the 
ACLS  emphasis  would  need  to  be  provided  in  the  cardio- 
vascular physiology  course. 

As  an  adjunct  to  simple  lectures  on  subjects  that  need  to 
be  applied,  there  is  at  least  one  computerized  simulation 
for  resuscitation  called  Cardiac  Arrest!  (Mad  Scientist 
Software,  Alpine  UT).  It  includes  procedures,  such  as  intu- 
bation, starting  an  I.V.,  hyperventilation,  delivery  of  drugs 
by  both  bolus  and  infusion,  some  laboratory  procedures 
( ABGs,  electrolytes,  glucose),  and  history.  The  learner  can 
choose  from  among  45  different  patients,  from  infant  to 
adult  and  from  easy-to-difficult  resuscitations.  The  accom- 
panying manual  contains  useful  information  about  resusci- 
tation beyond  explaining  how  the  program  works.  Even  if 
a  resuscitation  is  immediately  repeated,  the  same  patient 
does  not  respond  in  the  same  way  to  the  interventions. 

Some  topics  are  naturally  covered  prior  to  an  ACLS 
course,  which  is  usually  delivered  late  in  the  respiratory 
care  curriculum.  Oxygen  therapy  and  airway  management, 
although  important,  need  less  time  in  the  ACLS  course  be- 
cause they  are  emphasized  in  the  respiratory  care  curricu- 
lum. Venipuncture  technique  is  similar  to  arterial  punc- 
ture. Although  students  may  never  have  actually  punctured 
a  vein,  the  techniques  are  somewhat  parallel. 

Where  in  the  Curriculum  Should  the 
Course  Be  Scheduled? 

An  ACLS  course  should  be  scheduled  near  the  end  of 
the  respiratory  care  curriculum.  Although  the  course 
stresses  application,  students  need  a  base  of  knowledge  in 
order  to  be  successful.  Our  course  is  scheduled  early  in  the 
last  semester  of  a  2-year  entry  level  therapist  program  that 
awards  both  associate  and  baccalaureate  degrees  (Fig.  1.) 
This  places  it  close  to  the  cardiovascular  physiology 
course  that  the  students  finish  during  the  previous 


semester.  It  also  follows  nearly  every  other  professional 
course:  the  two  clinical  laboratory  courses.  Medical 
Physics,  Oxygen  and  Aerosol  Therapy,  and  Respiratory 
Physiology,  Prolonged  Artificial  Ventilation,  Respiratory 
Care  for  the  Medical-Surgical  Patient  (a  disease  course), 
and  Neonatal-Pediatric  Respiratory  Care.  Of  the  major 
professional  courses,  only  Acid-Base  Physiology  remains, 
and  the  students  have  already  received  an  introduction  to 
this  body  of  knowledge. 


Fall  Semester  1 

Spring  Semester  1 

Introduction  to  Respiratory  Care 

Applied  Respiratory  Care  I 

(Clinical) 

(Clinical) 

Medical  Physics 

Cardiopulmonary  Health 

Oxygen  and  Aerosol  Therapy 

and  Disease 

Physiology  I 

Respiratory  Physiology 

Anatomy 

Prolonged  Artificial 

Expository  Writing 

Ventilation 

Clinical  Lab 

Physiology  11 

Anatomy 

Clinical  Lab 

Summer  Semester 

Summer  Clerkship  (Clinical) 

Neonatal-Pediatric 

Respiratory  Care 

Fall  Semester  2 

Spring  Semester  2 

Applied  Respiratory  Care  II 

Applied  Respiratory  Care  III 

Cardiovascular  Physiology 

Acid-Base  Physiology 

Respiratory  Care  for  the  Medical- 

Respiratory  Care 

Surgical  Patient 

Administration 

General  Chemistry 

Biological  Chemistry 

(laboratory  course) 

(with  laboratory) 

Pathology 

Pharmacology 

Introduction  to  Sociology 

Introduction  to  Psychology 

Introduction  to  Literature 

Home  Care  and 

Rehabilitation 

Fig.1 .  Program  of  study  for  the  Associate  of  Arts  degree  at  SUNY- 
Health  Science  Center  at  Syracuse.  Baccalaureate  degree  stu- 
dents take  their  professional  courses  in  the  same  order. 


Clinical  simulation  exams  are  used  extensively  in  our 
program  to  provide  practice  at  the  application  level.  Our 
students  have  had  problems  in  the  past  with  the  parts  of  the 
National  Board  for  Respiratory  Care  Written  Registry 
Examination  dealing  with  patient  evaluation  and  recom- 
mendations for  changes  in  therapy  and  also  with  the 
Clinical  Simulation  Examination.  We  have  increased  our 
use  of  simulations  (with  instructor  guidance)  to  improve 
performance  on  these  aspects  of  application.  Without  some 
background  in  assessing  the  patient  and  applying  knowl- 
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edge,  it  seems  unlikely  that  a  respiratory  care  student 
would  meet  with  success  in  the  ACLS  provider  course. 
Hence,  scheduling  the  course  late  in  the  respiratory  care 
curriculum  appears  to  make  sense. 

Should  Instructors  Other  Than  Program 
Faculty  Be  Used? 

Using  instructors  other  than  the  faculty  of  the  depart- 
ment for  teaching  the  course  makes  sense  in  order  to  obtain 
an  unbiased  third-party  appraisal  of  the  students'  abilities. 
We  formerly  used  physicians  from  the  Departments  of 
Emergency  Medicine  and  Critical  Care  Medicine  to  evalu- 
ate the  Megacode  station,  and  their  evaluation  gave  us 
valuable  feedback.  Because  the  key  scenario  in  the  new 
ACLS  course  is  ventricular  fibrillation/pulseless  ventricu- 
lar tachycardia,  we  plan  to  use  physicians  to  teach  and 
evaluate  that  scenario  after  the  students  have  been  through 
it  at  least  once.  Regardless  of  where  they  are  ultimately 
used,  physicians  must  be  a  part  of  the  course  faculty  to 
help  us  evaluate  student  performance.  In  a  content  area 
such  as  this,  it  is  important  to  validate  the  training  process. 

What  Psychological  Preparation  of 
Students  Is  Needed? 

The  need  for  psychological  preparation  of  students,  es- 
pecially with  the  new  ACLS  training  format,  will  be  less- 
ened. With  the  earlier  format  there  was  pressure  to  pass  the 
written  exam  and  all  of  the  stations.  That  pressure  was  evi- 
dent during  the  course  and  especially  during  the  testing 
days.  Birnbaum,  et  al:l  concluded  that  most  personnel 
whose  duties  included  participation  in  resuscitations  could 
achieve  the  objectives  of  the  course.  The  psychological 
preparation  should  include  early  emphasis  on  establishing 
a  sound  base  of  knowledge.  When  we  first  began  ACLS 
training  for  our  students,  one  student  complained  about 
having  ACLS  topics  covered  during  another  course. 
Students  need  to  understand  that  higher  level  objectives  (at 
the  application  level)  need  more  time  to  fulfill  and  depend 
upon  thorough  knowledge  of  the  subject.  Although  stu- 
dents should  not  receive  the  impression  that  ACLS  train- 
ing is  easy,  their  fears  of  the  written  exam  and  the 
Megacode  station  can  be  assuaged. 

Is  Apprenticeship  with  a  Senior 
Practitioner  Useful? 

The  importance  of  mentoring  has  been  pointed  out.2-' 
The  immediate  environment  of  a  resuscitation  can  be  as 
stressful  a  place  as  one  can  find  in  a  hospital.  It  is  unrea- 
sonable to  expect  someone  who  has  only  watched  a  code  to 
function  immediately  on  his  own,  as  a  member  of  the  team. 


More  than  simply  being  useful,  mentoring  allows  the  neo- 
phyte practitioner  to  easily  and  with  a  minimum  of  stress 
become  a  fully  functioning  member  of  the  resuscitation 
team.  By  first  modeling  and  then  helping  the  new  practi- 
tioner perform  his  duties  during  the  resuscitation,  the  men- 
tor facilitates  the  learning  and  transition  processes. 

In  Conclusion 

Learning  and  applying  the  skills  associated  with  ACLS 
are  scary  at  best.  When  one  is  performing  BLS  (especially 
in  a  hospital),  there  is  always  the  knowledge  that  someone 
will  be  doing  ACLS,  and  although  effective  BLS  is  neces- 
sary for  a  successful  outcome,  proper  ACLS  is  essential. 
For  the  student  who  has  never  been  part  of  a  resuscitation 
team,  initially  assuming  the  role  of  an  ACLS  provider  can 
be  doubly  frightening.  By  laying  the  proper  foundation  for 
the  ACLS  course,  conducting  the  course  in  an  effective 
and  nonthreatening  manner,  and  providing  for  a  formal 
protege-mentor  relationship  during  the  new  graduate's  ori- 
entation, I  believe  that  we  can  assure  that  each  respiratory 
care  practitioner  reaches  his  maximal  potential  as  a  mem- 
ber of  the  resuscitation  team. 
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Fluck  Discussion 

Barnes:  The  AARC  was  asked  by  the 
CPR  Focus  Group  to  come  out  with  a 
national  position  paper  saying  that  all 
respiratory  care  practitioners  should 
be  trained  in  ACLS.  The  request  went 
to  the  Board  of  Directors  of  the 
AARC.  then  to  AARC's  Board  of 
Medical  Advisors,  made  up  of  several 
physicians  from  different  organiza- 
tions. The  response  of  the  Board  of 
Medical  Advisors  to  the  Board  of 
Directors  was  that  they  were  not  going 
to  endorse  a  position  paper  until  we 
can  show  the  Board  of  Medical 
Advisors  that  the  schools  adequately 
prepare  respiratory  therapists  to  as- 
sume these  skills.  They  wanted  to  see 
evidence  that  the  things  that  Bob 
(Fluck)  is  talking  about  are  being  done 
very  well  in  the  schools  first,  before 
there  is  a  national  position  paper. 

Fluck:  I  think  that's  a  really  impor- 
tant point.  This  is  the  first  Fve  heard 
of  that.  1  saw  Bob  Demers's  editorial 
in  AARC  Times'  and  that  appeared  to 
be  the  end  of  it. 

1.  Demers  B.  Mandatory  ACLS  training 
for  RCPs:  a  referendum.  AARC  Times 
1992;16(9):8,11. 


Bishop:  I  think  that  the  respiratory 
therapists  here  are  all  leaders,  recog- 
nized leaders  in  the  field,  and  at  the 
forefront,  Two  years  ago  I  came  from 
being  a  medical  director  at  a  hospital 
uiih  a  very  active  respiratory  therapy 


department  to  one  where  we're  really 
at  a  different  level.  I  said,  "Look,  I  re- 
ally think  that  we  need  to  have  respi- 
ratory therapists  as  an  integral  part  of 
the  code  team,  and  I  think  it  would  be 
a  good  idea  if  the  people  were  intu- 
bating and  were  ACLS  certified." 
Quite  frankly,  we  do  not  have  the  re- 
sources to  do  it  nor  could  I  generate  a 
strong  interest  from  our  therapists  for 
ACLS  training. 

Barnes:  We  have  feedback  from  our 
local  emergency  cardiac  care  commit- 
tee saying  that  ACLS  courses  are  de- 
signed for  practitioners,  and  that  it's 
really  inappropriate  for  students  to 
take  the  course  because  they're  not  out 
practicing.  But,  I  think  student  training 
is  critical  because  when  you  give  a 
graduating  student  an  ACLS  course, 
you're  exposing  him  to  the  importance 
of  the  material  with  the  hope  that  he 
will  retrain  every  year  or  two.  You're 
actually  starting  him  down  the  right 
road,  rather  than  just  taking  a  chance 
that  he  will  leave  school  and  take  the 
course  a  year  or  two  later. 

Bishop:  I  agree  with  you,  you  must 
start  people  down  that  road,  but  I'm 
not  convinced  that  there  is  as  much 
support  among  all  the  respiratory  care 
departments  as  there  is  among  you, 
the  leaders  in  that  field. 

Fluck:  I  think  role  modeling  has  a 
place  here  again  as  well.  If  the  direc- 
tor of  the  department  is  the  role 
model  and  indicates  that  ACLS  is  the 


standard  for  the  department  ...  I  think 
it  has  to  come  from  the  top. 

Rodriguez:  We  have  not  mentioned 
that  when  respiratory  care  practition- 
ers compete  for  funds  for  advanced 
training,  especially  in  an  era  of  cost 
reductions,  we  often  find  ourselves 
on  the  bottom  rung.  I  think  that  if 
there  is  a  perception  that  entry-level 
respiratory  care  practitioners  are  well 
prepared  to  function  in  the  critical 
care  area  without  additional  training, 
hospital  administrators  will  decide  to 
expand  their  role  in  ACLS.  with 
greater  willingness  and  confidence. 
We  really  need  to  begin  by  introduc- 
ing ACLS  at  the  student  level. 

Fluck:  It's  not  that  big  a  deal  either; 
three  of  our  faculty  are  ACLS  in- 
structors. Now  with  the  new  Heart 
Association  guidelines,  although  you 
still  have  to  have  a  physician-instruc- 
tor in  your  course,  he  does  not  have 
to  be  the  course  director.  That  makes 
it  even  easier. 

Paul  Mathews:  We  may  have  one  of 
the  longest  experience  with  teaching 
ACLS  in  the  respiratory  care  pro- 
grams. We've  been  doing  this  for 
about  8  years  now.  We've  trained  over 
KM)  people  as  ACLS  providers — se- 
nior and  baccalaureate  students.  We 
have  a  100%  pass  rate;  everyone  of 
those  students  passes — they  don't 
graduate  from  the  program  unless  they 
have  successfully  completed  the 
ACLS  provider  course.  The  reason  we 


572 


RESPIRATORY  CARE  •  MAY  '95  VOL  40  NO  5 


Fluck  Discussion 


think  it's  successful  is  that  we  spend  a 
lot  of  time  up  front  doing  exactly  what 
Bob  (Fluck)  said.  We  give  them  a  lot 
of  this  material  up  front;  we  have  a 
concentrated  6-  to  8-  week  course  that 
the  students  take — 1  day  a  week  (2 
hours  per  day) — and  they  do  really 
well.  We  have  these  courses  all  evalu- 
ated by  outside  people — the  people 
who  teach  the  course  don't  do  the  test- 
ing. Yet.  we  have  100%  pass  rate.  My 
sources  within  the  course  suggest  that 
our  students  consistently  do  better 
than  the  nurses  in  the  course  and  better 
than  the  majority  of  physicians  in  the 
course.  That's  because  they  are  told 
before  they  come  into  our  program 
that  they  will  have  to  take  and  pass 
this  course.  It's  mandatory  for  gradua- 
tion, and  we  prep  them  for  it  from  Day 
1.  And  these  students  are  really  good. 
In  fact,  I  just  wrote  down  that  we  need 
to  do  a  study  and  follow  up  on  the  stu- 
dents over  the  past  8  years  and  see 
how  many  maintain  certification.  I 
think  that's  important  also,  and  I  think 
that  goes  well  with  what  Bill  (Kaye) 
was  saying  about  keeping  after  people 
to  keep  these  certifications  up. 

Bishop:  First  of  all,  you're  talking 
about  a  baccalaureate  program,  and 
you're  talking  about  people  who  are 
in  school  and  have  the  time.  Suppose 

1  turn  around  and  suddenly  say  to  the 
therapist  who  is  already  working, 
who  may  have  two  jobs  and  is  doing 
a  lot  at  home.  "You  have  to  do  a  lot  of 
preparation."  I  think,  unlike  the  case 
with  many  physicians,  for  whom  a  lot 
of  it  is  review,  there's  more  new  ma- 
terial. It  takes  more  work  than  just  the 

2  days. 

Paul  Mathews:  I  agree  with  that,  but, 
then  again,  I'm  coming  from  a  lot  of 
history  in  respiratory  care.  I've  been  in 
respiratory  care  for  26+  years,  and  I 
remember  being  one  of  the  first  per- 
sons in  the  state  I  was  working  in  to 
ever  draw  a  blood  gas,  and  being  told, 
"You  can't  do  that"  even  though  the 
physicians  were  unable  to  obtain  the 


blood.  Somebody  said  "You  go  ahead 
and  try  it."  and  I  did  it.  The  hassle  that 
was  caused  by  a  respiratory  therapist's 
daring  to  draw  arterial  blood  when  the 
nurses  were  not  allowed  to  was  unbe- 
lievable. We  had  the  same  arguments 
then  against  our  drawing  blood  that 
we're  hearing  now  about  this  ACLS 
involvement.  The  arguments  are  the 
same — you  don't  have  the  back- 
ground; you  don't  have  the  knowl- 
edge; you  don't  have  the  practice.  We 
learned  from  the  results  of  a  1990 
AARC  survey  of  all  U.S.  hospitals 
listed  by  the  American  Hospital 
Association  that  respiratory  therapists 
now  draw  the  majority  of  blood  gases 
in  this  country.  We  believe,  further, 
that  they  will  continue  to  do  so  in  the 
future. '  In  the  AARC  survey,  it  was  re- 
ported that  70-80%  of  all  blood  gases 
are  drawn  by  respiratory  care  practi- 
tioners. Some  of  whom  only  have  9 
months  to  1  year  of  schooling.  We  get 
out  there,  and  we  let  them  do  that,  and 
we  let  them  do  it  under  a  mentoring 
program.  We  give  them  the  knowl- 
edge that  they  need  for  the  specific 
task.  You  don't  have  to  be  able  to 
name  every  vein  and  artery  in  the  body 
in  order  to  draw  blood.  As  technology 
and  techniques  cascade  from  special- 
ized, isolated  use  to  general  broad  use, 
the  need  for  in-depth  knowledge  of 
theory  declines.  How  many  of  us  can 
describe  the  design  of  and  build  a  mi- 
crowave oven,  for  example? 

1.  AARC  Consensus  Conference  on 
Educational  Direction.  Year  2001: 
Delineating  the  Educational  Direction  for 
the  Respiratory  Care  Practioner: 
Proceedings.  Oct  2-A,  1992.  Dallas  TX. 
American  Association  for  Respiratory 
Care  1993:48. 

Kaye:  Beginnings  always  take  time, 
and  it's  just  like  back  20  years  ago 
when  the  ACLS  course  began,  there 
was  tremendous  resistance,  especial- 
ly on  the  part  of  physicians  and  nurs- 
es. You  may  not  want  to  mandate  that 
all  therapists  take  ACLS  at  your  hos- 
pital. You  get  one  to  try  it,  "Come  on. 


try  it  out."  And  that  RCP  takes  the 
course.  It's  a  good  experience,  and 
that  person  will  say,  "Hey  it's  OK, 
you  try  it  next."  That's  one  issue. 
Having  it  in  the  schools  is  fine;  we 
have  a  lot  of  therapists  out  there  who 
aren't  in  school,  so  we  have  to  do  it 
in-house.  Secondly,  I  think  that  in 
many  hospitals  it  may  be  perceived  as 
a  new  role.  I  don't  think  so.  But  if  the 
RCPs  are  involved  in  a  multidisci- 
plinary  course,  with  the  physicians, 
house  staff  (if  you  have  them),  the 
nurses,  they  will  become  recognized 
as  members  of  the  same  team.  It  also 
means  that  the  RCPs  need  to  be  en- 
couraged to  be  assertive  in  a  positive 
sense.  If  the  airway  is  under  control, 
give  it  to  somebody  else  and  say, 
"Hey.  can  I  defibrillate?  I  took 
ACLS.  let  me  try  it."  I  think  that  over 
time  that's  going  to  happen.  Finally. 
even  though  I  talked  about  the  prob- 
lems with  arrhythmias  and  drugs,  the 
new  course  is  supposed  to  downplay 
a  lot  of  that.  V-fib  is  the  easiest — it's 
a  squiggly  line.  You  have  to  make 
sure  it's  not  artifact.  But  if  the  patient 
looks  dead  and  it's  a  squiggly  line, 
that's  V-fib.  With  the  tachyarrhyth- 
mias, it's  complicated,  but  it's  really 
very  simple.  If  they're  unstable,  no 
matter  what  it  is,  you  cardiovert 
them.  If  they're  stable,  well,  try 
adenosine,  that's  OK.  Try  lidocaine, 
that's  good.  Just  don't  use  verapamil 
if  you  think  it's  V-tach.  I  don't  think 
it's  that  complicated.  I  think  in  the 
scenarios,  most  of  us  old  guys  are 
going  to  have  to  make  a  big  change  in 
how  we  teach  the  course.  We  have  to 
be  more  sensitive;  it's  OK  not  to  be 
100%  correct.  If  you  get  through  and 
do  fairly  well,  that's  OK.  If  you  can't 
get  through,  you  don't  fail.  You  get 
a — what's  it  called? 

Fluck:  "Not-yet-complete." 

Paul  Mathews:  Not-yet-complete. 
And  they're  told  not  to  take  the  com- 
plete course  all  over  again,  but  to  par- 
ticipate in  those  parts  with  which  they 
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had  problems.  I  think  you'll  get  a  lot 
of  support  for  this  from  physicians 
and  nurses.  Until  recently,  emergen- 
cy department  nurses  did  not  have 
much  more  arrhythmia  or  ACLS  drug 
therapy  training  than  did  our  stu- 
dents, and  they  learn! 

Mickey  Mathews:  In  the  state  of 
Kansas,  they're  required  to  hold  a 
hoard  certification  in  emergency  nurs- 
ing (BCEN)  and  be  ACLS  certified. 

Kaye:  But  many  of  the  nurses  come 
to  an  ACLS  course  very  green. 

Mickey  Mathews:  True.  true. 

Kaye:  And  our  job  is  to  be  gentle  and 
shepherd  them  through. 

Mickey  Mathews:  I  agree,  and  there 
is  a  lot  of  resistance,  and  I've  been 
called  some  nasty  names  because  we 
insisted  on  ACLS  for  the  emergency 


department  because  it  is  the  beginning 
of  critical  care  when  you  enter  the 
hospital.  But  they  do  come  around  ... 

Kaye:  You  need  to  get  to  your  Board 
of  Medical  Advisors.  What  they're 
doing  is  making  it  impossible.  "No. 
we  can't  endorse  ACLS  for  the  respi- 
ratory care  practitioner  until  we  have 
ACLS  in  the  schools."  Well,  what 
about  those  8  zillion  therapists  who 
aren't  in  school  anymore?  They  have 
to  say  "Yes,  yes,  yes." 

Barnes:  I  didn't  say  they  were  rea- 
sonable about  it.  I  just  said  that  was 
their  position.  I  do  agree.  I  think  we 
use  the  term  respiratory  care  practi- 
tioner too  loosely.  If  you  look  at  other 
fields,  to  become  a  nurse  practitioner 
you  need  a  master's  degree.  A  lot  of 
physician  assistant  programs  award  a 
master's  degree.  I'm  more  of  an  advo- 
cate of  looking  at  our  people  as  respi- 
ratory therapists,  and  I  think  that's 


fine.  There's  more  than  just  grabbing 
hold  of  a  name  and  saying  you  are  a 
respiratory  care  practitioner  as  though 
that  were  going  to  open  up  doors  for 
you.  You  have  to  earn  that  by  training 
at  a  high  level.  ACLS  certification 
and  being  a  registered  therapist  with 
the  NBRC— that's  all  well  and 
good — but  the  schools  have  a  respon- 
sibility. When  they  give  a  degree  or  a 
certificate  of  completion,  it  should 
imply  a  certain  level  of  competence.  I 
think  the  competence  should  extend 
to  ACLS.  regardless  of  whether  you 
take  an  ACLS  course  or  not.  That's 
very  important  knowledge  and  skill 
area  that  people  need  to  have  because 
of  what  we  do  in  hospitals.  The  sever- 
ity of  illness  in  the  patients  that  we 
care  for.  the  importance  of  identifying 
the  prearrest  condition  in  patients,  the 
importance  of  bringing  other  medical 
staff  to  the  bedside  and  starting  down 
the  road  to  prevent  arrest  from  hap- 
pening is  really  critical. 


CORRECTION 

On  Page  273  of  Marini's  paper  "Dyspnea  during  Weaning"  published  in  the  March  issue  of  the  Journal 
[Marini  J.  Dyspnea  during  weaning.  RespirCare  1995:40(3):271-276],  the  sentence  should  read 

"A  sub-analysis  indicated  that  for  patients  who  have  at  least  a  moderate  ventilatory  drive  (P(1 1 
more  negative  than  2  cm  ILO)  occlusion  with  a  one-way  valve  may  indeed  elicit  a  near  maximal 
response  reliably — even  without  subject  cooperation  (Fig.  6)." 

We  regret  the  error. 
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Introduction 

Educational  programs  that  address  the  resuscitation  of 
adults  have  been  available  since  the  early  1970s.  As  it  be- 
came evident  that  newborn  infants  and  children  have 
unique  resuscitation  needs,  the  American  Academy  of 
Pediatrics  (AAP)  and  the  American  Heart  Association 
(AHA)  suggested  that  guidelines  be  developed  that  were 
specific  for  these  populations.1  The  call  for  specialized 
programs  was  supported  by  reports  identifying  a  need  for 
personnel  with  the  necessary  knowledge  and  skills  to  per- 
form neonatal  and  pediatric  resuscitation.2-3  The  publica- 
tion of  standards  for  neonatal  and  pediatric  resuscitation  in 
1986,4  served  as  the  basis  of  the  Neonatal  Resuscitation 
(NRP)  and  the  Pediatric  Advanced  Life  Support  programs 
(PALS).  These  programs  were  the  result  of  a  joint  effort  of 
the  AHA  and  the  AAP.  The  NRP  and  PALS  courses  were 
revised  in  1992,5  the  result  of  the  additional  years  of  re- 
search related  to  resuscitation  in  children. 

Differences  in  anatomy  and  physiology  between  the  pe- 
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diatric  and  adult  patient  have  been  well  documented,6-9  and 
dictate  an  approach  to  resuscitation  in  the  newborn  and 
child  that  is  different  from  that  of  the  adult.  The  needs  of 
the  newly  delivered  patient  vary  from  those  of  the  older  in- 
fant and  child,  as  is  acknowledged  by  the  decision  to  im- 
plement two  courses — one  for  neonatal  resuscitation,  NRP 
and  one  for  pediatric  resuscitation,  PALS. 

Many  providers  of  health  care  for  the  neonate  (0-28  days 
of  age),  infant  (28  days-1  year  of  age),  and  child  (1-8  years 
of  age)  have  attended  NRP  and  PALS.  Some  have  initiated 
programs  or  implemented  the  guidelines  at  their  facili- 
ties.10^2 The  results  of  this  coordinated  effort  to  educate 
respiratory  care  practitioners  (RCPs),  nurses,  physicians, 
and  paramedics  in  a  clear,  methodical  fashion  to  optimize 
emergency  care  of  neonates  and  children  may  improve  the 
mortality  and  morbidity  of  infants  and  children.13 

Although  addressing  the  needs  of  the  emergency-  and 
delivery-room  resuscitation  environments  is  necessary, 
claiming  an  association  between  these  courses  and  a 
change  in  survival  or  morbidity  in  newborns,  infants  and 
children,  as  has  been  demonstrated  with  ACLS,  is  difficult. 

This  review  describes  NRP  and  PALS,  the  etiology  of 
cardiopulmonary  arrest  in  neonates,  infants  and  children, 
differences  in  approach  for  resuscitation  between  children 
and  adults,  current  issues  related  to  the  content  of  the 
courses,  and  reported  outcomes. 

Neonatal  Resuscitation  Program 

The  NRP  is  designed  to  help  clinicians  prepare  to  care 
for  an  infant  who  requires  resuscitation  at  birth — delivery 
resuscitation.  The  NRP  curriculum  is  different  from  other 
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AHA  life-support  courses  because  the  causes  of  respirato- 
ry and/or  cardiac  failure  in  infants  at  birth  differ  from  those 
in  the  adult  and  child.  The  majority  of  delivery  resuscita- 
tions are  required  because  of  premature  delivery  or,  in  the 
term  infant,  some  degree  of  asphyxia.  In  most  delivery  re- 
suscitations, the  newborn  is  simply  having  minor  difficulty 
in  making  the  transition  from  intrauterine  to  extrauterine 
life.  Because  these  difficulties  are  usually  controlled  by 
providing  a  neutral  thermal  environment  and  proper  air- 
way management  and  ventilation,  airway  control,  prevent- 
ing heat  loss  and  providing  a  patent  airway  and  ventilation 
are  emphasized  in  NRP. 

After  delivery,  most  newborns  respond  to  basic  inter- 
ventions, such  as  drying,  warming,  suctioning,  and  stimu- 
lation. Even  though  simple,  these  steps  can  be  vital  to  a 
normal  transition.  The  heat  loss  and  thermogenesis  that 
can  occur  after  delivery  are  capable  of  initiating  a  se- 
quence of  physiologic  events  that  may  precipitate  pul- 
monary hypertension  and  continued  fetal  circulation.14 

The  neonate  who  is  severely  asphyxiated  may  require 
an  extensive  resuscitation.  However,  mildly  asphyxiated 
infants  may  need  only  an  enriched  oxygen  environment  for 
a  short  period  of  time.  Some  neonates  with  apnea  typically 
respond  well  after  a  brief  period  of  assisted  ventilation  and 
begin  breathing  on  their  own.  And  for  a  few,  cardiac  com- 
pression and  drugs  are  required  for  recovery. 

The  educational  format  of  NRP  is  also  different  from 
other  AHA  courses,  incorporating  programmed  materials 
with  lessons  and  posttests  that  are  to  be  completed  by  par- 
ticipants prior  to  attending  class.  The  class  can  be  offered 
in  the  format  of  self-paced  learning,  group  discussion,  or 
the  more  traditional  lesson-and-skills  review  over  1-2 
days.  The  testing  format  requires  that  separate  written 
posttests  for  each  of  the  6  individual  lessons  be  given. 
Following  the  course  introduction,  short  written  posttests 
for  lessons  on  initial  steps,  ventilation,  intubation,  chest 
compressions,  and  medications  are  given.  Each  component 
also  uses  performance  checks  during  which  the  partici- 
pants' skills  are  validated — proper  warming  and  drying 
technique,  administering  free-flow  oxygen,  airway  posi- 
tioning, suctioning,  ventilation  with  a  bag-valve-mask  sys- 
tem, chest  compression,  and  intubation. 

Typical  medications  and  doses  used  for  neonatal  resus- 
citation in  all  locations  (delivery  room  or  intensive-care 
unit)  are  described,  and  participants  are  tested  on  medica- 
tions using  a  written  test  and/or  an  optional  Megacode 
practicum.  Participants  may  repeat  tests  on  which  they 
were  unsuccessful.  Defibrillation  and  vessel-cannulation 
techniques  are  not  included.  Videotapes  for  review  of  each 
skills  lesson  are  available  for  purchase. 

Another  unique  aspect  of  the  NRP  is  that  it  is  not 
mandatory  that  all  students  be  tested  on  all  of  the  stations, 
but  only  on  those  that  appear  relevant  to  Iheir  job.  For  ex- 


ample, a  nurse  may  not  be  expected  to  pass  the  intubation- 
skills  station  and  a  respiratory  therapist  may  not  be  asked 
to  take  the  medications  posttest.  In  this  way,  training  time 
may  be  saved  for  those  unlikely  to  be  involved  in  a  partic- 
ular aspect  of  resuscitation  but  should  not  lead  to  the  ex- 
clusion of  any  category  of  health-care  provider  from  learn- 
ing any  of  the  NRP  content.  The  best  individual  for  a  par- 
ticular role  during  resuscitation  is  the  person  who  is  first 
available,  most  skilled  and/or  experienced,  and  properly 
educated,  and  may  mean  that  a  nurse  needs  to  learn  to  intu- 
bate and  an  RCP  needs  to  learn  the  proper  dose  of  endotra- 
cheally  administered  epinephrine. 

The  AAP  recommends  that  someone  who  is  trained  in 
neonatal  resuscitation  be  present  at  every  delivery.5 
Although  some  high-risk  deliveries  are  identified  prenatal- 
ly,  many  escape  detection.  A  recent  report  suggests  that 
only  56%  of  deliveries  that  result  in  the  need  for  aggres- 
sive neonatal  resuscitation  are  anticipated."  Because  of 
the  uncertainty  of  predicting  the  need  for  a  delivery  room 
resuscitation,  the  AAP  also  recommends  that  qualified  per- 
sonnel be  available  in  the  hospital  at  all  times.  Because 
RCPs  typically  respond  to  all  resuscitation  calls  in  the  hos- 
pital environment,  they  should  be  NRP  trained,  even  if 
their  hospital  does  not  have  a  comprehensive  neonatal  in- 
tensive care  unit.  Considering  that  the  obstetrician  and  ob- 
stetrics nurse  are  attending  to  the  mother  as  their  primary 
patient,  it  is  conceivable  that  on  occasion,  the  RCP  will  be 
more  experienced  in  airway  control  and  intubation  of  the 
newborn  than  any  of  the  other  personnel  attending  the  de- 
livery. This  may  be  particularly  true  at  smaller  community 
hospitals  during  the  night  shift.  The  NRP  may  be  conduct- 
ed to  train  the  RCP  in  the  techniques,  rationale,  and  organi- 
zational principles  of  newborn  resuscitation. 

According  to  the  AAP  and  the  AHA,  more  than  500,000 
health-care  providers  have  participated  in  the  NRP.16  This 
massive  education  effort  involved  instructors  from  respira- 
tory care  and  perinatal  outreach  departments  and  has  suc- 
cessfully disseminated  this  training  to  practitioners  over  a 
large  geographical  area.  In  Canada,  50  health-care  agen- 
cies, provincewide,  have  participated  in  the  program.  The 
Canadian  Council  on  Health  Facilities  Accreditation  has 
encouraged  the  courses  through  recommendations  that  hos- 
pitals provide  NRP  training.17  The  NRP  has  been  offered 
throughout  the  world.  In  December,  1991  a  7-person  team, 
with  American  Academy  of  Pediatrics  representatives, 
trained  NRP  National  Faculty  in  Romania. 

Ktiology  of  Cardiopulmonary  Arrest  at  Birth 

Only  a  small  percentage  of  term  newborns  need  exten- 
sive resuscitation.  The  most  common  diagnosis  of  the  term 
newborn  who  requires  resuscitation  at  delivery  is  asphyx- 
ia. A  larger  percentage  of  preterm  than  term  newborns  re- 
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quire  resuscitation  at  birth,  and  these  resuscitations  are 
likely  to  be  more  extensive.  Prematurity  is  the  leading 
cause  of  mortality  and  morbidity  in  the  newborn  popula- 
tion.18 The  NRP  provides  instruction  for  resuscitating  both 
term,  asphyxiated  and  preterm,  low  birthweight  infants. 

It  is  sometimes  difficult  to  distinguish  between  the 
neonate  who  has  suffered  from  prolonged  asphyxia  in 
utero,  often  long  before  delivery,  and  one  who  has  a  mild 
degree  of  transitional  asphyxia.  Infants  in  the  former  cate- 
gory may  have  low  Apgar  scores  and  bradycardia,  require 
prolonged  resuscitation  at  birth,  and  ultimately  experience 
a  poor  outcome.  The  neonate  who  has  been  exposed  to 
prolonged,  predelivery  asphyxia  is  suffering  the  effects  of 
prenatal  factors  such  as  substance  abuse  that  are  often  be- 
yond medical  control.19  Infants  who  experience  transition- 
al asphyxia  often  have  no  morbidity  even  though  their  ini- 
tial Apgar  scores  were  low.20  Therefore,  the  outcome  of  in- 
fants with  transitional  asphyxia  may  be  more  influenced 
by  resuscitation  efforts  than  that  of  infants  with  prolonged 
intrauterine  asphyxia. 

In  recent  years,  the  etiology  of  perinatal  asphyxia  and  its 
association  with  long-term  outcome  and  medical  interven- 
tion has  been  re-examined.21  Traditionally,  the  Apgar  score 
has  been  used  as  a  guide  to  identify  the  clinical  status  of  the 
infant  at  delivery.  It  was  thought  to  be  related  to  the  degree 
of  perinatal  asphyxia  the  infant  had  suffered,  and  attempts 
have  been  made  to  correlate  it  with  outcomes.  The  Apgar 
score  has  also  been  used  to  reflect  the  appropriateness  of 
medical  care  and  to  infer  liability.  This  latter  application  is 
an  unfortunate  extension  of  the  original  intent  because  the 
score  is  unreliable  as  a  predictor  of  future  neurologic  out- 
come except  in  extreme  cases  where  it  is  persistently  low,  < 
3  at  20  minutes.22  Studies  have  shown  that  of  infants  with  1  - 
minute  Apgar  scores  <  3  (long  considered  a  sign  of  severe 
asphyxia),  an  unpredictable,  but  large  number  survive  and 
develop  normally.23'24  Health-care  professionals  whose  ef- 
forts have  been  blamed  for  poor  outcomes  such  as  cerebral 
palsy  and  mental  retardation  in  these  infants,  have  main- 
tained that  the  sequence  of  physiologic  events  leading  to 
these  tragic  results  may  be  initiated  well  before  labor  starts. 
Because  it  is  difficult  to  distinguish  between  the  mildly  as- 
phyxiated and  severely  asphyxiated  newborn  at  birth,  the 
neonatal  resuscitation  guidelines  suggest  a  sequence  of  steps 
that  are  indicated  for  either  group.  The  individual  infant's 
response  to  these  steps  help  to  predict  the  degree  of  asphyx- 
ia suffered.  The  newborn  who  has  mild  transitional  asphyxia 
also  responds  quickly  with  improvement  in  physiologic 
variables,  whereas  the  severely  asphyxiated  newborn  does 
not.  These  issues  are  relevant  to  the  neonatal  resuscitation 
education  efforts,  in  that  the  approach  is  the  same  for  any  in- 
fant who  has  respiratory  and/or  cardiac  depression  at  birth. 

Recognizing  that  there  are  some  exceptions  to  the  two 
common  reasons  for  depression  at  birth,  the  NRP  incorpo- 


rates an  alternate  strategy  to  treat  infants  with  respiratory 
depression  due  to  gestational  narcotic  exposure,  delivery 
through  meconium-stained  amniotic  fluid,  and  maternal 
blood  loss.  Narcan,  a  narcotic  antagonist  should  be  given 
to  the  infant  born  to  a  mother  who  has  ingested  narcotics 
within  4  hours  of  delivery.  The  infant  who  is  delivered 
through  meconium-stained  amniotic  fluid  should  be  intu- 
bated and  suctioned  before  ventilation  is  attempted,  and 
the  infant  whose  mother  has  had  substantial  blood  loss 
may  need  a  volume  expander.  Although  the  general  se- 
quence of  resuscitation  steps  does  not  change,  these  extra 
steps  may  need  to  be  inserted  to  adequately  resuscitate  in- 
fants, such  as  these. 

A  report  on  natality  statistics  reveals  that  the  conse- 
quences of  prematurity  are  important  causes  of  death  in  the 
infant  period — the  effects  of  prematurity  extend  well  be- 
yond the  neonatal  period.  The  incidence  of  preterm  birth 
has  been  steadily  increasing  for  the  last  decade,  and  the 
leading  causes  of  death  of  infants,  other  than  congenital 
anomalies,  are  short  gestation,  low  birthweight  and  etiolo- 
gies related  to  perinatal  asphyxia.25  Although  a  large  por- 
tion of  the  NRP  deals  with  airway  control  and  ventilation 
that  may  be  applied  to  the  term  or  preterm  infant,  the  updat- 
ed version  of  the  course  incorporates  a  special  section  on 
the  resuscitation  of  the  low  birthweight  newborn. 

Neonatal  Resuscitation  Program  Content 

When  the  NRP  was  initiated,  a  logical  sequence  of  steps 
based  on  research,  authoritative  anecdotal  data,  and,  occa- 
sionally, extrapolations  from  adult  resuscitation  programs 
was  developed  so  that  a  large-scale,  cohesive  education 
process  could  be  implemented  in  a  timely  manner.  As  more 
research  on  neonatal  resuscitation  was  reported,  improve- 
ments were  made  to  the  NRP.  However,  the  literature  relat- 
ed to  the  resuscitation  of  the  newborn  remains  deficient. 
This  review  cannot  address  all  of  the  neonatal  resuscitation 
issues  in  depth,  but  some  specific  topics  deserve  attention. 

Initial  Steps.  Although  this  section  of  the  course  seems  el- 
ementary to  the  sophisticated  provider  of  neonatal  inten- 
sive care,  the  use  of  the  protocol  contained  therein  may 
contribute  to  reduction  in  morbidity  and  promote  a  smooth 
transition  from  uterine  to  extrauterine  life.  ( 1 )  Immediately 
after  birth,  the  newborn  should  be  placed  under  a  radiant 
heat  source  and  dried  and  all  wet  linen  removed.  One  of 
the  benefits  of  administering  the  NRP  to  a  diverse  group  of 
obstetric-care  providers  is  that  the  potentially  disastrous 
consequences  of  cold  stress  in  the  newborn  is  shared  with 
the  caregivers  who  have  the  best  opportunity  to  prevent 
morbidity  from  using  these  simple  steps.  (2)  The  newborn 
should  be  placed  in  a  supine  position  with  the  airway 
opened,  and  the  nares  and  mouth  should  be  suctioned  with 
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a  bulb  syringe.  The  majority  of  apneic  neonates  will  be 
stimulated  by  these  activities  and  initiate  spontaneous  res- 
pirations. However,  if  they  do  not,  tactile  stimulation  of 
the  heels  or  back  may  stimulate  the  infant  to  breathe.  The 
attempt  to  initiate  breathing  by  tactile  stimulation  should 
be  brief  because  if  the  newborn  is  going  to  respond,  he  will 
do  so  within  a  few  seconds.  If  apnea  persists,  ventilation 
with  a  bag-valve-mask  is  required. 

Ventilation  and  Compressions.  It  has  become  increas- 
ingly clear  that  for  the  neonate  who  has  difficulty  with 
transition  to  extrauterine  life,  adequate  ventilation  is  an 
immediate  priority.  The  bradycardia  sometimes  associated 
with  cardiopulmonary  distress  at  birth  often  improves 
quickly  with  ventilation.  For  caregivers,  some  practice  and 
supervised  experience  may  be  required  to  adequately  ven- 
tilate the  newborn  with  a  bag-valve-mask.  Ventilation  dif- 
ficulties include  nasopharyngeal  secretions,  the  presence 
of  fluid  on  the  face  preventing  an  adequate  mask  seal,  and 
the  inability  to  estimate  the  proper  ventilating  pressure 
necessary  for  lung  expansion. 

Although  the  use  of  simultaneous  ventilation  and  chest 
compression  was  never  clearly  advocated,  previous  NRP 
guidelines  contained  no  strong  statements  against  it.26  As 
in  many  resuscitation  courses,  participants  were  taught  to 
concentrate  on  achieving  perfect  ratios  of  breaths  to  com- 
pression and  rates  of  compressions  and  ventilation,  instead 
of  providing  adequate  tidal  volumes — a  focus  that  may 
persist  in  clinical  setting.  Data  reported  in  adult  humans 
and  newborn  animals  showed  no  advantage  to  synchro- 
nized ventilation  and  compression.27-28  Various  issues 
were  raised,  such  as  whether  the  pressure  manometer  used 
during  bag-valve-mask  ventilation  reflected  cardiac  com- 
pressions or  esophageal-sphincter-opening  pressure,  in- 
stead of  the  pressure  developed  in  the  lung.29  The  decision 
was  made  to  emphasize  the  necessity  of  adequate  ventila- 
tion even  at  the  expense  of  the  previously  suggested  opti- 
mal rate  of  chest  compression.30  Although  the  rate  of  com- 
pression for  newborns  remains  at  120/min,  the  pause  to 
allow  delivery  of  an  adequate  breath  reduces  the  compres- 
sion rate  to  90/min  and  maintains  the  ventilation  rate  at 
30/min.  No  data  suggest  that  the  reduced  compression  rate 
is  detrimental  to  the  infant,  and  the  emphasis  on  appropri- 
ate tidal  volumes  during  resuscitation  may  offer  some  ben- 
efit. When  chest  compressions  are  not  required,  the  venti- 
lation rate  should  be  40-60  breaths/min  not  40  breaths/min 
as  given  in  the  previous  guidelines. 

Medications.  The  information  provided  in  the  NRP  on 
medication-use  during  neonatal  resuscitation  is  far  less  than 
that  provided  in  ACLS  and  PALS.  Only  epinephrine,  sodi- 
um bicarbonate,  and  naloxone  hydrochloride  are  covered  in 
the  NRP.  Volume  expanders  are  covered  in  a  separate  sec- 


tion. Other  drugs  are  rarely  required  for  delivery-room  re- 
suscitations, and  those  used  to  manage  infants  in  the  neona- 
tal intensive  care  unit  are  not  addressed  in  the  NRP. 

Extrapolation  of  medication  doses  from  adult-human  and 
animal  studies  to  neonates  may  not  be  appropriate  because 
the  physiology  of  newborns  is  unique.  Discrepancies  be- 
tween adult  and  newborn  animal  models  exist  regarding  the 
actions  and  appropriate  doses  of  drugs.31  A  fluid-filled  or 
partially  fluid-filled  lung  may  enhance  the  absorption  of  en- 
dotracheally  delivered  drugs.32  Liver  and  kidney  function 
may  affect  the  ability  of  the  newborn  to  process  medica- 
tions. The  absorption,  metabolism,  and  excretion  of  drugs 
are  not  the  same  in  the  newborn  as  in  the  adult.  This  is  espe- 
cially true  in  premature  newborns  and  those  who  are  criti- 
cally ill.33  In  addition,  the  complications  from  the  effects  of 
certain  drugs  can  be  different  in  newborns.  A  profound 
complication  may  result  from  the  newborn's  immature  brain 
structure,  particularly  in  the  highly  vascular  germinal  ma- 
trix, an  area  prone  to  hemorrhage.34  Changes  in  blood  flow 
to  the  brain  or  blood  osmolality  is  especially  dangerous. 
Because  cerebral-blood-flow  regulation  is  immature  in  pre- 
mature neonates,  they  are  especially  sensitive  to  brain- 
blood-flow  fluctuations  and  blood  pressure  changes  that 
may  result  from  the  use  of  resuscitation  drugs. 

Data  conflict  regarding  the  use  of  medications  during 
newborn  resuscitations.  The  results  of  research  and  the  rec- 
ommendations related  to  the  use  of  high-dose  epinephrine 
(HDE)  in  the  adult  literature  exemplify  such  conflicts.  In 
adult  studies,  although  there  are  controversies  in  the  use  of 
HDE,  the  ACLS  guidelines  allow  individuals  to  make  inde- 
pendent decisions  on  its  use  and,  once  the  initial  dose  is 
given,  administer  the  higher  doses  of  epinephrine.35  The 
terminal  cardiac  activity  found  in  neonates  is  different  from 
that  found  in  adults.  Although  the  adult  who  requires  resus- 
citation is  often  discovered  having  ventricular  fibrillation, 
80%  of  neonates  who  need  resuscitation  have  bradycar- 
dia.36 The  use  of  HDE  in  the  literature  is  often  in  a  model 
with  ventricular  fibrillation.  In  theory,  epinephrine  should 
be  effective  for  the  resuscitation  of  bradycardia  and  asys- 
tole, and  a  limited  report  of  pediatric  cases  showed  some 
success  with  this  strategy.37  More  evidence  from  newborn 
animal  models  and  clinical  trials  is  needed  before  the  ques- 
tions regarding  HDE  are  answered  and  before  HDE  can 
safely  be  recommended  for  newborn  resuscitation. 
Currently  (1995),  the  NRP  textbook  does  not  recommend 
any  change  in  epinephrine  dose.38 

Endotracheal-epinephrine  use  in  neonatal  resuscitation  is 
also  perplexing.  Recommendations  for  the  epinephrine  dose 
administered  by  the  endotracheal  route  evolved  based  on  the 
adult  literature.  That  the  endotracheal  dose  is  larger  than  the 
intravenous  dose  is  based  on  a  study  that  demonstrated  inad- 
equate epinephrine  absorption  after  endotracheal  adminis- 
tration.39 However,  Lucas  ct  al40  found  that  in  the  newborn 
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lamb  the  hypoxia-induced  low  pulmonary  blood  flow  usual- 
ly associated  with  the  low-cardiac-output  state  encountered 
in  newborn  resuscitation  did  not  lead  to  impaired  absoiption 
of  intratracheal  epinephrine  (Fig.  1 ).  The  most  recently  pub- 
lished PALS  textbook"  and  the  1992  NRP  update16  suggest 
that  giving  epinephrine  by  the  endotracheal  route  may  lead 
to  low  and  potentially  inadequate  serum  concentrations  of 
epinephrine.  Lucas  and  colleagues4"  urge  caution  when  ad- 
ministering higher  than  previously  established  doses  for  en- 
dotracheal epinephrine  in  the  newborn. 


Time  (s) 

Fig.  1.  Mean  (+  SD)  arterial  plasma  tritium  (counts/min)  in  6  lambs 
following  endotracheal  administration  of  epinephrine  during  low 
pulmonary  blood  flow  (•)  and  normal  pulmonary  blood  flow  (O). 
Overall,  significantly  higher  tritium  counts  were  obtained  during  low 
pulmonary  flow  than  during  normal  pulmonary  flow  (p  =  0.02).  *  p  < 
0.03  for  comparisons  at  individual  time  periods.  (From  Reference 
40,  with  permission.) 


meconium  (fetal  fecal  material)  in  amniotic  fluid  has  long 
been  associated  with  in-utero  asphyxia.  The  presence  of 
meconium  in  the  lung,  inhaled  during  or  after  delivery,  has 
been  thought  to  be  responsible  for  the  severe  lung 
parenchymal  changes  that  may  lead  to  respiratory  distress 
and  even  failure.  In  1974,  Gregory  et  al4:  concluded  that 
immediate  tracheal  intubation  followed  by  suctioning, 
using  the  endotracheal  tube  as  a  suction  catheter,  was  nec- 
essary to  prevent  meconium,  found  in  the  nose  and 
oropharynx  at  birth,  from  being  inhaled  into  the  lung  pe- 
riphery. The  combined  treatment  of  upper-airway  suction- 
ing as  the  infant's  head  is  delivered  and  immediate  intuba- 
tion and  suction  after  delivery  decreased  mortality  and 
morbidity  in  their  patients.  The  initial  standards  for  the 
neonatal  resuscitation  program  called  for  immediate  intu- 
bation and  suctioning  of  those  infants  in  whom  the  amniot- 
ic fluid  was  stained  with  thick  meconium.  Thin  or  yellow- 
ish meconium  may  not  be  a  threat  to  lung  function. 

More  recently,  the  studies  that  were  initially  done  in  the 
1970s  using  tracheal  suction  were  duplicated  with  some 
minor,  but  important,  changes.  Linder  et  al41  examined  572 
infants  delivered  through  meconium  (Fig.  2).  Infants  who 
had  Apgar  scores  <  8  were  excluded  thereby  excluding  all 
patients  who  showed  no  initial  signs  of  severe  asphyxia. 
Two  groups  were  studied — infants  who  all  were  immedi- 
ately intubated  and  those  who  were  managed  without  intu- 
bation. The  infants  receiving  the  traditional  care  of  intuba- 
tion and  suction  (n  =  308)  had  a  higher  percentage  of  respi- 
ratory complications  than  those  who  were  not  intubated. 


As  is  true  in  ACLS  and  PALS,  the  use  of  sodium  bicar- 
bonate in  newborn  resuscitation  has  largely  fallen  out  of 
favor.  The  justification  for  decreased  use  of  sodium  bicar- 
bonate in  pediatric  and  adult  resuscitation  holds  for  the 
newborn  as  well,  and  some  additional  concerns  are  specif- 
ic to  neonates.  The  theory  that  bicarbonate  administration 
transiently  leads  to  increases  in  intracellular  CCh  levels 
and  pH  reduction  is  equally  cogent  in  the  newborn  and  in 
the  adult.  In  addition,  the  use  of  hyperosmolal  and  hyper- 
tonic solutions  such  as  sodium  bicarbonate  can  lead  to 
fluid  shifts,  which  can  ultimately  result  in  cerebral  hemor- 
rhage and  edema  (Table  1  ).41 

Table  1 .      Problems  with  Sodium  Bicarbonate  Therapy  in  Neonates 


Problem 


Consequence 


Hyperosmolality  Brain  plasma  ELO  shifts,  cerebral  edema 

Hypertonicity  Intraventricular  hemorrhage 

Low  perfusion  Intracellular  acidosis,  myocardial  ineffectiveness 

Meconium-Stained  Amniotic  Fluid.  The  treatment  of  the 
newborn  who  is  delivered  through  meconium-stained  am- 
niotic fluid  is  another  controversial  issue.  The  presence  of 


Total  number  of  infants 
6,500 


Meconium  stained  (10.4%) 
679 


Included  in 

study  (84.2% 

572 


Intubated 

(Group  1) 

308 


Nonintubated 

(Group  II) 

264 


Respiratory 

complications 

6 


Respiratory 

complications 

0 


Excluded 

from  study 

107 


I p<0.025  — I 

Fig.  2  Distribution  of  mortality  and  morbidity  among  intubated  and 
nonintubated  infants  delivered  through  meconium-stained  amniotic 
fluid.  (From  Reference  43,  with  permission.) 
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These  complications  included  meconium  aspiration  syn- 
drome (n  =  4)  and  laryngeal  stridor  (n  =  2).  In  the  nonintu- 
bated  group  (n  =  264)  no  infant  suffered  any  respiratory 
complications.  In  the  entire  series  there  were  no  deaths — 
not  surprising  because  these  babies  were  all  rather  vigor- 
ous. Although  this  study  was  criticized  for  some  method- 
ologic  flaws  (including  the  use  of  endotracheal  tubes  that 
were  too  small)  it  did  raise  some  interesting  questions. 
Even  in  the  presence  of  thick  meconium  and  no  suction, 
why  did  all  babies  survive  with  no  respiratory  sequelae? 
Why  do  some  newborns  develop  meconium-aspiration  syn- 
drome and  die  despite  prompt  intervention  and  aggressive 
tracheal  suctioning?  Why  do  those  who  are  delivered 
through  thick,  pea-soup  meconium  with  little  suction  be- 
fore their  first  breath  have  no  apparent  respiratory  distress? 

A  study  in  animals44  has  verified  that  meconium  is  in- 
haled deep  into  the  lung  periphery  prior  to  delivery  in  the 
fetus  who  is  severely  asphyxiated.  These  data  tend  to  con- 
firm the  conclusion  of  Linder  and  colleagues43  that  postde- 
livery  suctioning  may  not  offer  as  great  an  advantage  as 
previously  thought.  In  animals,  asphyxia  without  the  pres- 
ence of  meconium  led  to  pathologic  and  radiologic  find- 
ings similar  to  those  believed  to  be  caused  by  meconium 
aspiration  alone.  Meconium  in  the  unasphyxiated  animal 
lung  caused  only  minor  changes  that  were  easily  overcome 
by  the  healthy  newborn.45  Thus,  the  severe  pathology  that 
causes  respiratory  distress  and  failure  in  the  newborn  de- 
livered through  meconium-stained  amniotic  fluid  may  be 
more  related  to  the  lung  damage  due  to  in-utero  asphyxia 
and  less  related  to  the  effects  of  inhaled  meconium.  In  the 
babies  studied  by  Linder' s  group,43  there  may  have  been 
little  or  no  lung  damage  due  to  prenatal  asphyxia.  These 
"healthy"  babies  may  have  had  no  difficulty  in  clearing 
meconium  from  their  peripheral  airways. 

This  controversy  cannot  be  easily  solved,  and  it  would  be 
premature  to  change  the  practice  of  suctioning  neonates  bom 
through  thick  meconium-stained  amniotic  fluid;  especially 
those  who  are  not  vigorous  and  who  have  low  Apgar  scores 
might  benefit  from  suctioning  to  remove  meconium  from 
their  airways.  The  new  NRP  guidelines  allow  avoidance  of 
tracheal  suction  in  the  vigorous  unasphyxiated  neonate,  giv- 
ing the  benefit  of  the  doubt  to  this  evolving  practice. 


hold  NRP  from  potential  providers  of  delivery  resuscitation 
may  not  be  ethical.  On  the  other  hand,  research  that  uses 
controls  from  a  time  period  when  NRP  was  not  available 
may  not  be  valid  because  of  advances  in  neonatal  care  (eg, 
exogenous  surfactant  therapy )  that  may  confound  the  results 
and  prevent  strong  conclusions  from  being  drawn. 

A  small  report,  written  as  a  letter,  from  a  physician  who 
attempted  to  reduce  infant  mortality  in  a  poor  rural 
province  in  Yinshan  County.  People's  Republic  of  China 
illustrates  the  potential  impact  of  NRP  on  infant  mortali- 
ty.48 Even  though  neonatal  intensive  care  is  unavailable, 
the  training  of  maternal  and  child-health  personnel  in  the 
concepts  of  the  NRP  reduced  the  death  rate  from  asphyxia 
from  7. 1  %  to  0.45%  in  6  months. 

Pediatric  Advanced  Life  Support 

The  PALS  course  is  similar  to  the  ACLS  course  in 
scope,  curriculum,  and  traditional  course  schedule. 
However,  PALS's  approach  is  different  because  the  etiolo- 
gies for  cardiopulmonary  arrest  and  the  anatomy  and  phys- 
iology in  the  infant  and  child,  are  unique.  In  the  U.S.,  more 
than  50.000  providers  have  taken  PALS,  and  it  has  been 
offered  in  other  countries.16 

Etiology  of  Cardiopulmonary  Arrest  in  Pediatrics 

Whereas  most  of  the  cases  of  cardiac  arrest  in  adults  are 
due  to  cardiac  pathophysiology,  in  children  most  resuscita- 
tions are  required  because  of  severe  hypoxemia  and 
acidemia  that  can  occur  from  both  respiratory  and  cardiac 
causes.  The  majority  of  resuscitations  in  pediatrics  occur 
in  infants  younger  than  1  year  of  age.49  Apparent  life- 
threatening  events  such  as  sudden  infant  death  syndrome, 
sepsis,  airway  obstruction,  congenital  anomalies,  compli- 
cations related  to  birth,  and  intentional  injury  are  common- 
ly encountered  reasons  for  infants  to  require  resuscita- 
tion.25,50 Injury,  intentional  and  unintentional,  is  the  great- 
est cause  of  death  in  children  over  the  age  of  1  year  (Table 
2).  It  has  been  estimated  that  20.000  children  will  have 
died  in  1994  as  a  result  of  injury.51  In  the  pediatric  patient, 
trauma  accounts  for  most  childhood-acquired  disability.52 


Outcome  of  Neonatal  Resuscitation 

Although  the  presence  of  an  organized  perinatal  services 
delivery  system  and  staff  specially  trained  in  neonatal  care 
can  improve  mortality  during  transport,46  the  effect  of  the 
NRP  implementation  on  mortality  or  morbidity  is  not 
known.  Documentation  of  errors  during  the  delivery  resus- 
citation of  the  newborn  confirms  the  value  of  this  program.1 
However,  good  research  is  lacking  and  its  conduct  problem- 
atic. To  carry  out  a  randomized,  prospective  study  and  with- 


Table  2.      Common  Causes  of  Pediatric  Injury 


Blum  Trauma 

Motor  vehicle  accident 
Bicycle  mishap 
Pedestrian  related 

Falls 


Child  abuse 

Penetrating  injuries 

Burns  and  smoke  inhalation 

Toxic  substances 

Drowning 


Children  who  arrive  at  the  emergency  department  apneic 

and  pulseless  rarely  survive  neurologically  intact  5'54 
Although  the  statistics  vary  as  to  the  outcome  of  adults  in 
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similar  states  of  cardiorespiratory  arrest,  it  appears  that 
adults  fare  better  than  children.55"57  This  can  be  partially  ex- 
plained by  the  nature  of  the  "secondary  cardiac  arrest"  com- 
monly seen  in  children  compared  to  that  commonly  seen  in 
adults.  In  the  adult,  cardiac  arrest  is  most  often  caused  by  a 
primary  cardiovascular  problem,  such  as  coronary  artery 
disease,  that  results  in  a  myocardial  infarction.  Prompt  by- 
stander CPR  and  rapid  ACLS  preserve  the  function  of  other 
organs.  However,  the  child  rarely  has  an  initial  cardiac 
episode  leading  to  arrest  but,  rather,  develops  a  sequence  of 
prolonged  hypoxemia,  acidemia,  and  ischemia  that  affects 
many  organs  prior  to  an  actual  cardiac  arrest.  By  the  time  a 
child's  heart  fails,  he  has  sustained  irreversible  multiple 
organ  damage.  In  children,  asystole  is  the  cardiac  rhythm 
that  usually  follows  this  sequence  of  hypoxemia  and 
acidemia.'  Ventricular  fibrillation  is  the  most  common  ar- 
rest rhythm  in  the  adult.  The  outcome  of  the  resuscitation  of 
a  child  in  asystole  is  usually  dismal.  However,  prompt  re- 
suscitation of  children  with  asystole  may  still  be  associated 
with  a  better  outcome  than  asystole  in  the  adult.5* 

The  most  advantageous  approach  to  the  critically  ill  in- 
fant and  child  is  to  recognize  impending  respiratory  and 
cardiac  decompensation  at  an  early  stage,  prior  to  the  de- 
velopment of  severe  levels  of  acidosis  that  can  lead  to  car- 
diorespiratory arrest.  The  educational  process  that  may  re- 
sult in  the  most  improvement  in  outcome  is  training  those 
in  the  chain  of  medical  care — including  paramedics,  pedia- 
tricians, and  emergency-department  staff — to  recognize 
early  signs  of  respiratory  distress  and  hypotension.  As  in 
the  neonate,  the  prognosis  for  the  child  with  apnea  not  asso- 
ciated with  cardiac  arrest  is  good  and  the  treatment  of  im- 
pending respiratory  failure  has  the  best  prognosis  of  all.53-55 

In  a  review  of  the  etiology  and  management  of  critical 
illness  and  injury  in  a  pediatric  emergency  department,  the 
survival  of  children  who  were  apneic  and  pulseless  was 
10.3%,  compared  to  patients  with  apnea  only  of  whom 
96.9%  survived.49  This  report  reinforces  the  importance  of 
teaching  appropriate  airway  management  for  the  emergen- 
cy treatment  of  children. 

Identifying  a  Need 

Seidel  et  al,3,59  from  the  Ad  Hoc  Committee  on  Care  of 
the  Critically  111  Child  for  a  Los  Angeles  chapter  of  the 
American  Academy  of  Pediatrics  published  a  2-part  report 
on  emergency  care  for  children  in  1984.  Emergency  medi- 
cal services  for  children  in  Los  Angeles  County  were  re- 
viewed. During  the  establishment  of  previously  published 
guidelines  in  1980  for  prehospital  management  of  pedi- 
atric patients,  the  committee  discovered  that  little  trauma 
research  related  to  emergency  care  of  children  had  been 
published.  Seidel's  group  found  that  children  who  suffered 
from  trauma  had  a  higher  mortality  rate  than  adults. 


Prehospital  providers  were  ill-equipped  and  uneducated  in 
the  emergency  treatment  of  the  pediatric  patient.  The  death 
rate  of  children  involved  in  a  traumatic  accident  were 
higher  in  areas  where  there  were  no  specialized  pediatric 
centers.  Surveys  were  sent  to  98  randomly  selected 
EMT/paramedic  training  programs  in  the  United  States. 
Respondents  were  asked  about  their  curriculum  for  pedi- 
atric patients.  This  survey  showed  that  most  programs  for 
paramedics  have  fewer  than  10  hours  out  of  400-2,000 
hours  of  didactic  or  clinical  training  in  pediatrics  even 
though  the  pediatric  patient  population  accounted  for  10% 
of  their  workload.  The  deficits  in  education  were  identified 
(Table  35y).  In  addition,  the  appropriate  equipment  and 
supplies  for  resuscitation  of  infants  and  children  were 
lacking  on  emergency  vehicles.  Another  group  identified 
the  need  for  pediatric  resuscitation  education  using  the  re- 
sults of  a  survey  of  pediatricians.60  This  study  demonstrat- 
ed their  lack  of  preparedness  for  pediatric  resuscitation. 

Table  3.      Content  Deficiencies  of  Training  Programs  Surveyed  in 
Pediatric  Prehospital  Care* 


Programs  without 

Topic 

Topic 

in  Curriculum 
(%) 

Pediatric  field  simulations 

50 

Pediatric  dysrhythmias 

50 

Envenomation 

45 

Pediatric  hypotension 

36 

Approach  to  the  comatose  child 

29 

Drowning 

26 

Sexual  abuse 

24 

Advanced  pediatric  life  support 

22 

Diarrhea  and  dehydration 

22 

Neonatal  resuscitation 

16 

Pediatric  trauma 

14 

*  From  Reference  59.  with  permission 

The  challenge  was  clear — to  construct  a  course  that  ad- 
dressed the  care  of  the  critically  ill  child  by  teaching  prac- 
titioners to  ( 1 )  identify  early  signs  of  impending  respirato- 
ry and  cardiac  failure  from  a  wide  range  of  etiologies  and 
(2)  care  for  the  pediatric  trauma  patient. 

Description  of  course.  The  Pediatric  Advanced  Life 
Support  course  is  conducted  with  lectures  on  pharmacolo- 
gy, rhythm  disturbances  and  their  management,  and  recog- 
nition of  respiratory  failure,  cardiopulmonary  arrest,  and 
shock.  A  section  on  newborn  resuscitation  focuses  on  the 
emergency  department  delivery  and  resuscitation.  These 
guidelines  for  newborn  resuscitation  are  similar  to  those 
found  in  the  NRP  although  less  instruction  is  devoted  to  in- 
dividual topics  such  as  intubation.  Skill  stations  similar  to 
the  ACLS  stations  are  used  but  with  child-sized  man- 
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nequins.  Lessons  in  vascular-access  techniques  allow  for 
lectures  and  practice  in  intraosseous  puncture  and  vascular 
infusions.  Testing  is  accomplished  both  by  a  comprehen- 
sive written  examination  and  skills  stations.  A  suggested 
but  not  mandatory  topic,  critical  stress  debriefing,  may 
have  an  important  place  in  helping  the  health-care  provider 
cope  with  tragic  outcomes  of  resuscitations.  In  the  most  re- 
cently published  PALS  textbook,16  a  section  has  been 
added  that  addresses  the  special  needs  of  the  pediatric  trau- 
ma patient  who  requires  resuscitation. 

Content  related  to  trauma  in  the  child  has  recently  been 
added  to  the  new  guidelines.16  This  section  describes  the 
pediatric  trauma  score  (a  modification  of  the  Glasgow 
Coma  Scale)  for  infants  and  children,  emphasizes  cervical 
spine  immobilization,  and  provides  details  about  hypov- 
olemic shock.  A  recent  report  confirms  that  penetrating  in- 
juries such  as  gunshot  wounds  are  increasingly  common  in 
children,  including  young  toddlers.51  The  unique  charac- 
teristics of  injuries  like  these  are  likely  to  be  addressed  in 
more  detail  in  the  future. 

Another  important  topic,  avoidable  accidental  injury  in 
the  child,  must  not  be  ignored.  An  accident  prevention  pro- 
gram, the  Pediatric  Basic  Life  Support  Program,  is  avail- 
able nationally  and  should  be  made  accessible  to  parents 
and  caretakers  of  children. 

Anatomy  and  Physiology  in  Children.  The  anatomy  and 
physiology  of  the  child  are  different  from  that  of  the  adult 
and.  therefore,  patterns  of  injury,  assessment  techniques, 
and  treatment  are  different  from  that  of  the  adult.  Although 
a  comprehensive  discussion  is  not  appropriate,  a  few  of 
these  differences  are  worth  mentioning  with  regard  to  re- 
suscitation. 

The  child's  head  is  the  most  common  site  of  pediatric 
injury.  Multiple  system  injuries  are  more  likely  to  occur  in 
the  child  than  in  the  adult  because  of  the  ratio  of  the  trau- 
matic forces  to  the  child's  smaller  body.  These  injuries  can 
be  unsuspected  because  a  lack  of  evidence  of  trauma  on 
the  child's  external  body  surface  is  common.  The  result  of 
injury  to  a  child's  internal  organs  can  be  greater  than  in  the 
adult  because  the  child  has  a  smaller  mass  of  protective 
anatomy,  such  as  muscle  and  subcutaneous  tissue.61 

The  components  of  a  correct  neurologic  assessment  vary 
depending  on  the  age  of  the  patient,  and  the  clinician  needs 
to  know  the  common  behavioral  and  neurologic  signs  of  the 
young  infant  and  the  older  child.  The  young  infant's  neuro- 
logic function  is  assessed  by  observing  eye  contact  with  par- 
ents and  eye  movement  following  toys  or  wiggling  fingers 
across  the  field  of  vision.  The  untrained  evaluator  may  have 
trouble  discerning  the  level  of  alertness  in  young  children.  A 
subtle  change  in  mentation  in  an  8-month-old  child  could  be 
a  serious  sign  of  injury  or  hypoxemia.  The  role  of  the  par- 
ents as  evaluators  is  important  in  the  young  child.  A  parent's 


assessment  as  to  whether  the  child  is  "acting  as  himself  can 
be  an  important  pail  of  the  medical  evaluation. 

The  clinician  must  be  alert  for  the  signs  of  abdominal 
injury  after  a  traumatic  accident.  However,  when  children 
are  frightened  they  may  swallow  large  amounts  of  air,  re- 
sulting in  confusing  abdominal  symptoms  and  increased 
risk  of  aspiration. 

Hypothermia  and  dehydration  due  to  the  infant's  in- 
creased surface  area-to-body  weight  ratio  may  exacerbate 
his  cardiopulmonary  demise.  The  pediatric  patient's  kidneys 
are  less  able  to  change  the  dilution  and  concentration  of 
urine  to  prevent  water  loss.  Differences  in  the  anatomy  of 
the  child's  airway  are  important  when  making  decisions  as 
to  the  urgency  and  performance  of  endotracheal  intubation. 

Course  Content.  Tachycardia  and  tachypnea  are  hallmarks 
of  impending  cardiopulmonary  failure  in  the  child. 
Hypotension  may  not  be  present  in  the  pediatric  patient  until 
irreversible  physiologic  events  have  already  taken  place,  its 
presence  indicates  a  critical  emergency.  The  child  is  able  to 
maintain  his  normal  blood  pressure  for  a  period  of  time:  this 
phase  is  called,  compensated  shock. h:  Recognizing  this  first 
phase  of  shock  may  enable  earlier  intervention  and  prevent 
cardiovascular  collapse,  and  recognizing  signs  and  symp- 
toms of  impending  hypotension  (slow  capillary  refill,  cold 
skin  temperature,  low  urine  output,  and  alterations  in  mental 
state)  may  be  more  frequently  life-saving  than  in  an  adult.  In 
cases  of  severe  hemorrhage,  large  blood  loss  can  occur  be- 
fore hypotension  can  be  documented.  A  pediatric  trauma  pa- 
tient's blood  volume  may  decrease  by  30-40%  before  his 
blood  pressure  falls  below  normal.61 

Respiratory  assessment  and  intervention  are  an  impor- 
tant emphasis  for  any  educational  program  in  emergency 
care  of  the  child.  The  recognition  of  signs  of  respiratory 
failure  such  as  tachypnea,  absent  or  diminished  breath 
sounds,  retractions,  nasal  flaring,  head  bobbing  and  level 
of  consciousness  are  especially  emphasized  because  it  is 
usually  difficult  to  obtain  arterial  blood-gas  values  in  chil- 
dren to  quantify  respiratory  failure.  With  proper  airway 
management,  apnea  not  associated  with  cardiac  arrest  can 
have  an  excellent  outcome.53,55 

Because  pediatric  resuscitations  encompass  a  variety  of 
age  groups,  the  provider  of  pediatric  emergency  care  must 
be  familiar  with  a  variety  of  normal  ranges  for  vital  signs 
and  behavior. 

Vascular  access  is  important  in  the  child  who  is  suffer- 
ing from  impending  cardiopulmonary  collapse  or  receiving 
resuscitation.  The  pediatric  patient's  peripheral  veins  are 
difficult  to  cannulate,  and  prolonged  attempts  to  do  so  may 
delay  resuscitation  unnecessarily.  In  the  pediatric  trauma 
center  or  the  intensive  care  unit,  staff  who  are  highly  experi- 
enced in  establishing  an  intravenous  line  (I.V.)  may  have 
less  difficulty.  Rosetti  et  alM  reported  that,  in  children,  expe- 
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rienced  emergency  department  personnel  could  require  in 
excess  of  10  minutes  to  start  an  I.V.  and  were  never  able  to 
obtain  vascular  access  in  6%  of  them.  Partly  through  the  ed- 
ucation received  in  the  PALS  course,  many  providers  of  pe- 
diatric emergency  care  are  being  trained  in  intraosseous  can- 
nulation,  a  method  that  employs  infusion  into  the  in- 
tramedullary sinus  of  the  tibia  (Fig.  3).  Schoenfeld  et  al49 
studied  emergency  interventions  with  pediatric  patients  and 
found  that  24%  of  children  had  vascular  access  established 
through  tibial  intraosseous  lines.  This  alternative  method  of 
vascular  access  is  safe,  reliable,  takes  a  short  time  to  accom- 
plish, and  is  successful  in  the  prehospital  and  in-hospital  re- 
suscitation.65 Intraosseous  cannulation  has  become  fairly 
routine  in  pediatric  emergency  care  in  some  locations. 


Tibial 
Tuberosity 


90°  To  Medial 
Surface 

Fig.  3.  Technique  for  drug  administration  by  the  intraosseous  route 
during  pediatric  resuscitation.  (From  Reference  16,  with  permission.) 

The  fluid  therapy  and  medication  section  of  the  PALS 
textbook  is  similar  to  ACLS  and  more  comprehensive  than 
is  that  of  the  NRP.  There  is  a  review  of  cardiac  rhythm  dis- 
turbances and  information  related  to  defibrillation  and  car- 
dioversion, although  it  is  rare  that  children  require  either. 

Outcomes  of  Pediatric  Resuscitation 

The  documentation  that  educational  components  of 
PALS  and  NRP  result  in  changes  in  outcome  for  neonates, 
infants,  and  children  is  lacking.  The  rationale  that  developed 
supporting  the  implementation  of  these  programs  was 
sound,  but  studies  demonstrating  that  these  programs  have 
had  a  clear  impact  on  resuscitation  practices  and  emergency 
care  for  children  have  not  been  published.  Questions  about 
the  cost  of  institution  of  these  curricula  have  been  raised  and 
interpretations  of  the  data  regarding  specialized  pediatric 
training  conflict.  Although  the  need  for  improvement  in  re- 
suscitation in  children  is  clear,  those  who  provide  prehospi- 
tal care  to  children  advocate  these  programs  even  though  the 
rationale  for  their  use  has  been  based  largely  on  theory. 

One  controversy  regarding  specialty  training  of 


providers  in  pediatric  resuscitation  is  reflected  in  the  stud- 
ies of  prehospital  pediatric  emergency  care.  There  appears 
to  be  a  clear  rationale  for  optimization  of  oxygen  transport 
in  the  child  before  cardiopulmonary  collapse  has  occurred. 
In  a  review  of  the  cases  of  2  children  who  required  out-of- 
hospital  resuscitation,  Chameides66  concludes  that  prehos- 
pital care  may  affect  "meaningful"  outcomes  in  infants  and 
children  who  require  CPR. 

Many  have  called  for  early  and  aggressive  intervention 
and  endotracheal  intubation  in  children  with  prehospital 
cardiopulmonary  arrest.  There  have  been  conflicting  re- 
ports about  intubation  performed  in  children,  prior  to  in- 
tensive-care unit  admission,  and  the  conflict  may  relate  to 
the  amount  of  training  the  emergency  and  prehospital  staff 
had  received  in  pediatric  airway  management.  The  reduced 
percentage  of  successful  intubations  in  children  as  com- 
pared to  adults  is  a  concern.  Aijian,  et  al67  conducted  a  ret- 
rospective study  of  all  prehospital  victims  of  medical  car- 
diopulmonary arrest  under  the  age  of  19  years.  The  success 
rate  for  paramedics  was  64%,  considerably  less  than  the 
86%  to  97%  rate  of  success  of  this  group  in  adults.6*-6"  The 
report  also  stated  that  intubation  was  attempted  in  children 
only  66%  of  the  time.  This  result  was  attributed  to  either 
the  lack  of  confidence  of  paramedics  who  had  little  previ- 
ous experience  or  to  their  success  with  bag-valve-mask 
ventilation.  These  factors  were  not  ranked  in  order  of  im- 
portance. The  paramedics  in  this  system  had  not  received 
any  specialized  pediatric  training,  such  as  PALS,  which 
may  have  made  them  less  confident  in  both  making  a  deci- 
sion to  intubate  and  attempting  the  procedure.  The  differ- 
ence in  survival  to  hospital  admission  between  nonintubat- 
ed  and  intubated  children  was  not  statistically  significant 
and  was  generally  dismal  (2  out  of  63  patients  survived). 

In  another  example  of  an  attempt  to  quantitate 
paramedics'  ability  to  successfully  intubate  pediatric  pa- 
tients, Losek,  et  al,50  reviewed  the  success  rate  of 
Milwaukee  County  paramedics.  They  reported  an  overall 
78%  success  rate  that  increased  to  93%  in  pulseless  non- 
breathing  patients.  Some  of  the  complications  and  intuba- 
tion difficulties  that  were  reported  could  be  remedied  with 
proper  training.  For  example,  several  infants  arrived  in  the 
emergency  room  with  a  size  2.5  mm  ID  endotracheal  tube. 
Such  tubes  are  too  small,  illustrating  the  providers'  lack  of 
familiarity  with  appropriately  sized  endotracheal  tubes. 
Problems  with  intubation  included  the  inability  to  visual- 
ize the  glottis  and  vocal  cords  because  of  mucus  and  vom- 
itus.  This  difficulty  may  be  remedied  by  emphasizing  the 
availability  and  use  of  suction  equipment. 

In  another  review  of  emergency  intubation,  Nakayama 
et  al70  focused  on  injured  infants  and  children.  Infants  and 
children  intubated  in  the  prehospital  and  emergency  depart- 
ment setting  were  reviewed.  The  intubators  were 
paramedics  and  physicians.  A  high  complication  rate  relat- 
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ed  to  emergency  intubation  was  reported.  Intubation  at- 
tempts were  described  as  multiple,  unsuccessful,  and  asso- 
ciated with  airway  complications  (Table  4).  This  result  is  a 
concern.  However,  further  examination  of  the  patient  popu- 
lation that  was  studied  and  the  circumstances  under  which 
intubation  was  attempted  may  explain  the  seemingly  poor 
outcome.  Ninety  percent  of  the  patients  had  head  injuries 
and  75%  were  comatose.  Current  recommendations  for 
early  endotracheal  intubation  and  assisted  ventilation  in  the 
head-injured  child  were  outlined  in  that  study,  supporting 
the  decision  on  the  part  of  the  paramedic  and  physician  to 
intubate.  Some  complications  may  have  been  due  to  the 
out-of-hospital  conditions  under  which  the  intubations  took 
place.  These  patients  all  suffered  from  trauma,  the  most 
complicated  and  challenging  out-of-hospital  environment 
in  which  to  treat  the  critically  injured  child. 

Table  4.      Distribution  of  Airway  Complications  by  Treatment  Site  in 
Pediatric  Trauma  Patients* 


Complication 

Number 

Sitet 

Age  (years) 

Deaths 

Right  main  stem 

intubation 

5 

IS,  3R,  1C 

1,4,4,7,8 

0 

Massive  subcutaneous 

emphysema  from 

cricothyroidotomy 

needle 

2 

2S 

12,  15 

2 

Esophageal  intubation 

1 

S 

1.5  months 

1 

Failed  nasotracheal 

intubation  in  an 

open  skull  fracture 

1 

S 

4.5 

1 

Massive  aspiration 

1 

R 

15 

0 

Bilateral  vocal  cord 

paralysis 

1 

R 

6 

0 

Subglottic  stenosis 

1 

R 

4 

0 

Failure  of  adequate 

preoxygenation 

2 

2C 

4,  10 

0 

Extubation  during 

transport 

1 

S 

8 

0 

Left  vocal  cord 

paralysis 

1 

C 

5  months 

0 

Total 

16 

6S,  6R,  4C 

mean  6.45 

4 

*  From  Refercncc,58.wvith  permission  •  "  • 

t  Location  of  intubation:  S,  scene  of  injury;  R,  referring  hospital;  C,  Children's 
Hospital 


Prehospital  care  of  the  critically  injured  infant  or  child 
has  environmental  constraints  not  found  in  the  emergency 
room  or  intensive -care  unit.  Inability  to  properly  position 
the  patient,  inadequate  light,  the  need  to  control  crowds, 
limited  equipment  for  multiple  accident  victims,  interfer- 
ence by  hysterical  family  members,  too  few  trained  person- 
nel, and  the  lack  of  use  of  paralytic  and  sedating  agents  may 
contribute  to  intubation  failures.  An  esophageal  or  right 
mainstem  intubation  may  not  be  identified  in  the  child 


whose  chest  remains  out  of  view,  trapped  in  a  vehicle.  The 
children  in  this  series  had  serious  multisystem  injuries, 
which  could  have  contributed  to  the  stress  and  urgency 
under  which  the  paramedics  and  physicians  performed.  The 
author  of  this  study  emphasized  the  need  for  education  and 
training  for  all  providers  (physician,  paramedic,  nurse,  and 
RCP)  of  care  to  acutely  injured  children.™ 

In  another  examination  of  outcomes  of  pediatric  resus- 
citation, Quan  et  al,58  had  a  comparatively  high  success 
rate  in  resuscitation  of  apneic,  pulseless  victims  of  near 
drowning.  The  21%  average  success  rate  was  comparable 
with  adult  cardiac  arrest  outcomes  following  prehospital 
ACLS.  They  suggested  that  this  finding  may  be  partly  at- 
tributed to  the  submersion  victims  being  in  cardiopul- 
monary arrest  prior  to  severe  multisystem  failure.  The 
emergency  services  in  Seattle,  where  this  study  was  con- 
ducted, have  an  efficient  and  aggressive  prehospital  sys- 
tem, and  a  larger  percentage  of  children  are  intubated  in 
the  field,  unlike  studies  from  cities  reporting  poorer  sur- 
vival. The  authors  stated  that  their  findings  support  the 
need  for  aggressive  prehospital  care  of  children. 

Summary 

The  need  for  delivery  resuscitation  of  the  newborn  can- 
not be  predicted  in  most  cases;  therefore  it  is  judicious  to 
train  all  providers  who  may  be  involved  in  the  delivery  of 
newborns  to  follow  guidelines  developed  to  improve  out- 
come, especially  in  the  presence  of  transitional  asphyxia. 
The  Neonatal  Resuscitation  Program  emphasizes  basic  steps 
of  warming,  drying,  suctioning,  and  adequately  ventilating 
the  newborn.  It  also  addresses  current  theories  regarding  re- 
suscitation of  the  low  birthweight  newborns,  infants  with 
meconium  aspiration,  and  medication  use.  The  NRP  applies 
to  all  acute-care  hospitals  that  provide  delivery  services  and 
those  at  which  a  respiratory  therapist  is  likely  to  be  present 
in  the  high-risk  delivery  or  unanticipated  delivery-room  re- 
suscitation. Outcomes  have  not  been  well  documented  and 
more  clinical  research  is  needed  to  identify  which  therapeu- 
tic strategies  promote  the  best  survival  in  this  population. 

A  topic  that  should  be  included  in  the  NRP  of  the  future 
is  exogenous  surfactant  delivery.  Respiratory  distress  syn- 
drome has  been  a  significant  cause  of  death  and  morbidity 
in  prematurely  born  neonates.  Exogenous  surfactant  thera- 
py has  had  a  dramatic  effect  on  the  death  rate  of  premature 
infants  and  on  the  incidence  of  respiratory  distress  syn- 
drome. Current  methods  of  surfactant  adminstration  de- 
mand that  personnel  proficient  in  management  of  the  low 
birthweight  newborn  be  present.  As  hospitals  with  all  lev- 
els of  nurseries  continue  to  receive  the  prematurely  deliv- 
ered newborn  and  better  methods  to  administer  surfactant 
are  discovered,  the  NRP  could  add  information  and  a  skills 
laboratory  on  surfactant  adminstration. 
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A  trained  cadre  of  health  professionals  who  are  profi- 
cient in  the  specific  resuscitation  skills  required  in  pedi- 
atric patients  can  make  a  difference.  The  infant  and  child 
have  different  anatomy,  physiology,  and  disease  etiology 
that  need  to  be  emphasized  and  understood  by  the  pediatric 
caregiver.  The  Pediatric  Advanced  Life  Support  course  fo- 
cuses on  early  recognition  and  treatment  of  respiratory 
failure  and  shock.  The  possibility  of  improving  outcome 
with  properly  trained  prehospital  providers  is  a  topic  of  in- 
terest. Intubation  in  the  field  can  be  successful  and  may 
contribute  to  a  reduction  in  mortality,  although  complica- 
tions of  field  intubation  need  to  be  reduced. 
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Malinowski  Discussion 

Hamill:  I  actually  have  one  question 
with  regard  to  the  children,  the  sub- 
mersion victims.1  I  suspect  in  Seattle 
they  were  also  hypothermic,  if  not 
profoundly  hypothermic. 

1.  Quan  L,  Went/.  K,  Gore  E,  Copass  M. 
Outcome  and  predictors  of  outcome  in 
pediatric  submersion  victims  receiving 
prehospital  care  in  King  County, 
Washington.  Pediatrics  1990:86:586- 
593. 

Malinowski:  They  compared  the 
body  temperatures  of  the  two  groups. 


and  the  group  that  was,  on  average, 
most  hypothermic  had  the  poorest 
outcome,  in  their  analysis. 

Pepe:  I  believe  that  the  reason  why  the 
ones  who  were  warmer  had  the  better 
outcome  was  that  they  were  the  ones 
who  actually  went  into  one  of  our 
Seattle  lakes,  and  they  were  swooped 
out  pretty  quickly.  The  ones  who  went 
into  the  oceanside  or  the  bayside  were 
colder  and  more  difficult  to  pull  out. 
Another  point  about  kids  who  do  have 
serious  submersions  and  survive — 
most  of  them  get  resuscitated  righl 
away  by  the  bystanders.  If  you  look  at 


cases  where  the  victims  are  apparently 
apneic  and  cyanotic  they  are  later 
found  to  have  water  in  their  lungs,  we 
get  about  80%  of  those,  receiving  im- 
mediate bystander  CPR,  successfully 
resuscitated.  Furthermore,  the  majori- 
ty of  them  will  turn  out  neurologically 
OK.  In  contrast,  if  we  get  there  and  if 
the  paramedics  have  to  intubate  the 
victim  and  continue  CPR — or  if  CPR 
is  still  going  on  when  we  arrive — we 
rarely  get  a  survivor.  What's  interest- 
ing, therefore,  is  that  CPR  seems  to  be 
the  key  intervention,  and  it's  probably 
the  airway  management  that  turns 
them  around.  A  lot  of  these  cases  may 
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be  'dry  drownings'  or,  more  appropri- 
ately, 'near  dry  drownings'. 

Recently  we've  done  a  little  bit  of 
work  on  out-of-hospital  pediatric  ar- 
rests and  found  that  nearly  90%  of 
them  get  successfully  intubated.  Still, 
the  outcomes  are  pretty  miserable,  if 
we  have  to  initiate  or  continue  CPR 
for  drownings,  trauma,  whatever  it 
may  be.  One  thing  1  wanted  to  ask 
you.  Do  you  folks  still  recommend 
preoxygenation  on  pediatric  patients, 
or  do  you  go  directly  to  intubation? 

Malinowski:  Let  me  just  tell  you  a 
little  bit  about  the  different  groups.  In 
the  very  low  birthweight  baby,  less 
than  1,000  grams,  immediate  intuba- 
tion without  delay  is  preferred.  I 
don't  know  that  the  guidelines  still 
suggest  it,  but  I  know  that  it's  com- 
mon practice.  In  the  typical  term- 
newborn.  100%  oxygen  and  ventila- 
tion precede  intubation.  In  the  pedi- 
atric patient,  I  don't  think  there  are 
any  standards  on  preoxygenation. 
The  emphasis  is  on  an  establishing  a 
patent  airway  and  ventilation. 
Common  sense  should  prevail,  and  in 
a  cyanotic,  apneic  child,  a  few  ade- 
quate breaths  with  100%  oxygen 
prior  to  an  interruption  with  an  intu- 
bation attempt  may  be  warranted. 

I  did  want  to  comment  on  your 
statements  about  bystander  CPR.  An 
important  thing  to  point  out  is  that  it's 
the  ventilation  that  those  bystanders 
are  doing  that  is  probably  making  the 
most  impact. 

Pepe:  Something  that  someone  had  to 
say  yesterday  was  pretty  interesting, 
regarding  the  kind  of  basic  CPR  that 
we  generally  use  right  now.  A  lot  of 
people  can't  understand  why  CPR  is 
such  a  success  in  Seattle  but  doesn't 
seem  to  work  elsewhere.  I  agree  that 
once  a  patient's  gone  on  about  3-4 
minutes  or  even  less,  in  an  arrest,  the 
basic  CPR  that  we  use  today  is  proba- 
bly pretty  worthless  because  the  pa- 
tients are  so  vasodilated  or  have  so 


much  vascular  collapse  because  of  the 
anoxia.  One  of  the  things  that  I've 
seen  out-of-hospital  and  most  of  us 
have  seen  in  the  hospitals  is  that  if 
someone  arrests  in  front  of  us,  we  in- 
tubate and  start  CPR  right  away.  Then 
we  see  the  patient  begin  to  have  spon- 
taneous eye-opening,  move  his  arms 
around  just  with  the  kind  of  basic 
CPR  we're  using  right  now.  I  think 
that's  actually  fairly  effective,  physio- 
logically, if  you  use  it  right  away.  In 
Seattle,  so  many  people  are  trained  in 
CPR,  that  it's  usually  your  family 
member  who  does  it  right  away  (ver- 
sus the  nurse  from  across  the  street  or 
the  security  guard  down  the  hall,  who 
may  perform  early  CPR  but  3-4  min- 
utes out);  so,  as  a  result,  there  is  a 
much  higher  probability  that  you're 
going  to  get  immediate  and  pretty- 
good  CPR,  generally,  in  Seattle  ver- 
sus other  places.  So  it's  a  problem 
when  they  do  correlations  using  ques- 
tions like.  Did  the  patient  get  CPR?  I 
think  that's  a  misleading  or  inade- 
quate data  point  because  it's  actually 
more  of  an  issue  to  determine  the  time 
that  the  patient  got  the  CPR. 

Kaye:  I  think  you  did  a  marvelous 
job,  and,  indeed,  you  kept  me  awake, 
because  I  know  little  about  children 
and  absolutely  nothing  about  neo- 
nates. I  was  intrigued  that  it's  not  the 
ABCs,  it's  the  DWSs,  right?  Dry, 
warm,  and  stimulate.  You  have  to 
learn  your  DWSs — I  like  that.  By  the 
way,  we  all  believed  in  the  ACLS 
program  20  years  ago,  and  we  still 
believe  in  it.  Don't  misunderstand 
me.  Actually,  the  new  ACLS  course 
is  heavily  based  on  the  PALS  pro- 
gram. The  PALS  people  had  the  op- 
portunity to  look  at  the  standard 
ACLS  program  and  actually  create  a 
better  program. 

Malinowski:  I  think  there  were  more 
educators  involved  right  at  the  start  of 
the  PALS  and  the  NRP — people  who 
were  specialists  in  education. 


Kaye:  That's  important. 
Rubenfeld:  I  appreciated  your  intro- 
ductory comment,  "I  realize  now, 
that  adults  are  not  just  big  neonates!" 
and  as  somebody  who  takes  care  of 
"big  neonates,"  I  have  a  couple  of 
comments.  I  recently  took  the  PALS 
and  NRP  courses.  Not  being  a  par- 
ent, the  thing  that  I  found  most  diffi- 
cult about  it  and  that  was  different 
from  ACLS  is  that  ACLS  is  very 
heart  rate  and  rhythm  oriented.  A  lot 
of  PALS  and  NRP  material  seems  to 
be  focused  on  how  the  kid  looks, 
which  is  something  that  nurses  and 
physicians  who  take  care  of  a  lot  of 
kids  know  innately.  For  people  like 
me,  it's  completely  foreign  and  when 
you  mentioned  it,  I  was  just  wonder- 
ing whether  educators  who  are  in- 
volved in  PALS  training  have 
thought  about  more  creative  ways, 
perhaps  using  videotapes  or  other 
teaching  methods,  to  teach  big- 
neonate  doctors  like  me  what  a  sick 
kid  looks  like — what  a  sick  1 -month- 
old  looks  like,  what  a  sick  2-year-old 
looks  like,  things  like  that. 

Malinowski:  No,  I  don't  have  a  good 
answer  for  that  question,  because  I 
know  that  we  haven't  personally 
looked  at  any  way  of  trying  to  get  that 
information  across.  It's  like  any  clini- 
cal practice — some  of  it  just  takes  ex- 
perience, but  I  think  that  if  the  PALS 
and  the  NRP  course  educators  start  to 
do  more  scenario-based  teaching,  like 
ACLS,  that  might  help — just  using 
examples  of  what  an  8-month-old 
should  look  like.  Because  I  am  a  par- 
ent, it's  become  much  easier  for  me, 
because  of  my  experience  of  what  a 
2-year-old  should  do  and  look  like. 
But  it  might  be  that  we  need  more  re- 
inforcing of  that  and  we  need  to  dis- 
cuss those  things,  especially  because, 
as  I  said,  there  is  such  a  great  impact 
with  early  intervention.  You're  work- 
ing with  individuals  who  have  a  lot  of 
potential  for  future  health  and  for 
good  quality  of  life. 
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descriptions  for  methods  that  have  been  published  but  are  not 
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nl '  ^  discovered  that  .  .  .."). 
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Listing  References:  Starting  on  a  new  page  after  the  text,  list 
the  references  in  numerical  order.  Do  not  employ  "op  cit"  or 
"ibid."  Type  references  double-spaced,  using  the  styles  of  the 
examples  given  hereafter.  List  all  authors  (do  not  use  "et  al"). 
In  titles  of  articles  and  books,  capitalize  only  first  words  and 
proper  names.  Abbreviate  journal  names  as  in  Index  Medicus. 
Spell  out  in  full  the  names  of  less  well  known  or  nonindexed 
journals  and  periodicals  If  the  cited  item  is  an  abstract,  editori- 
al, or  letter,  identify  it  as  such  in  parentheses  following  the 
item's  title.  Provide  both  first  and  last  complete  page  numbers. 
Do  not  leave  spaces  between  dates  and  volume  and  page  num- 
bers. Obtain  authors'  names,  article  and  book  titles,  dates,  and 
volume  and  page  numbers  from  the  original  cited  articles  and 
books,  not  from  other  articles'  reference  lists,  which  often  are 
inaccurate.  Examples  of  correct  reference  listings  follow  (these 
are  single-spaced  here  but  must  be  double-spaced  in  a  manu- 
script). 

Article  in  a  journal  carrying  pagination  throughout 
volume: 

1.  Shepherd  KE,  Johnson  DE.  Bronchodilator  testing:  an 
analysis  of  paradoxical  responses.  Respir  Care  1988; 
33:667-671. 

Article  in  publication  that  numbers  every  issue  beginning 
with  Page  1: 

2.  Bunch  D.  Establishing  a  national  database  for  home  care. 
AARC  Times  1 991  ;15(Mar):61, 62,64. 

Corporate  author  journal  article: 

3.  American  Association  for  Respiratory  Care.  Criteria  for 
establishing  units  for  chronic  ventilator-dependent  patients 
in  hospitals.  Respir  Care  1988;33:1044-1046. 

Article  in  journal  supplement:  (Journals  differ  in  their  methods 
of  numbering  and  identifying  supplements.  Supply  sufficient 
information  to  allow  retrieval.) 

4.  Reynolds  HY.  Idiopathic  interstitial  pulmonary  fibrosis. 
Chest  1986;89(3,  Suppl):139s-143s. 

Abstract  in  journal:  (Abstracts  are  not  strong  references. 
Abstracts  more  than  3  years  old  should  not  be  cited.  When  cited, 
abstracts  should  be  identified  as  such. ) 

5.  Stevens  DP.  Scavenging  ribavirin  from  an  oxygen  hood  to 
reduce  environmental  exposure  (abstract).  Respir  Care 
1990;35:1087-1088. 

Editorial  in  journal: 

6.  Rochester  DF.  Does  respiratory  muscle  rest  relieve  fatigue 
or  incipient  fatigue?  (editorial).  Am  Rev  Respir  Dis 
1988;138:516-517. 

Editorial  with  no  author  given: 

7.  High  frequency  ventilation  (editorial).  Lancet  1991; 
1:706-708. 


Letter  in  journal: 

8.  Smith  DE,  Herd  D,  Gazzard  BG.  Reversible  bronchocon- 
striction  with  nebulised  pentamidine  (letter).  Lancet 
1988;2:905. 

Paper  accepted  but  not  yet  published: 

9.  Hess  D.  New  therapies  for  asthma.  Respir  Care  (year,  in 
press). 

Personal  author  book:  (Specific  pages  should  be  cited  whenev- 
er possible.) 

10.  Nunn  JF.  Applied  respiratory  physiology.  New  York: 
Appleton-Century  Crofts,  1969. 

Note:  To  specify  pages  in  a  book,  place  a  colon  after  the  year  and 
then  list  the  page(s).  Examples:  1969:85  (one  page),  1969:85-95 
(series  of  contiguous  pages).  1969:85,95  (separated  pages). 

Corporate  author  book:  (Specific  pages  should  be  cited  when- 
ever possible.) 

11.  American  Medical  Association  Department  of  Drugs. 
AMA  drug  evaluations,  3rd  ed.  Littleton  CO:  Publishing 
Sciences  Group,  1977. 

Book  with  editor(s):  (Specific  pages  should  be  cited  whenever 
possible.) 

12.  Guenter  CA,  Welch  MH,  editors.  Pulmonary  medicine. 
Philadelphia:  JB  Lippincott,  1977. 

Chapter  in  book:  (Specific  pages  should  be  cited  whenever  pos- 
sible.) 

13.  Pierce  AK.  Acute  respiratory  failure.  In:  Guenter  CA, 
Welch  MH,  editors.  Pulmonary  medicine.  Phildelphia:  JB 
Lippincott,  1977:171-223. 

Newspaper  article: 

14.  Rensberger  B,  Specter  B.  CFCs  may  be  destroyed  by  nat- 
ural process.  The  Washington  Post  1988  Aug  7;Sect 
A:2(Col  5). 

Dictionary  or  similar  reference: 

15.  Pneumohemopericardium.  Dorland's  illustrated  medical  dic- 
tionary, 26th  ed.  Philadelphia:  WB  Saunders,  1981:  1038. 

Tables:  Use  tables  to  display  information,  compare  data,  or  show 
trends.  Start  each  table  on  a  separate  page.  Do  not  construct  a 
table  with  fewer  than  two  lines  (rows)  or  columns  of  data 
(instead,  put  the  data  in  the  text).  Avoid  more  than  8  columns 
across.  Number  tables  as  Table  1 ,  Table  2,  etc,  consecutively  in 
the  order  of  their  first  mention  in  the  text.  Place  the  number  and 
a  descriptive  title  above  the  table  (not  on  a  separate  page).  Give 
each  column  a  brief  heading.  Place  explanatory  matter  in  foot- 
notes, not  in  the  title  or  column  headings.  Explain  in  footnotes  all 
nonstandard  abbreviations  and  symbols  used  in  the  table.  To  key 
footnotes  to  the  table  body,  use  conventional  designations  (aster- 
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isk.  dagger,  double  dagger,  etc)  in  consistent  order,  placing  them 
superscript  in  the  table  body. 

Double-space  all  elements  of  tables,  including  titles,  column 
headings,  data,  and  footnotes.  Continue  a  deep  table  on  following 
pages.  Do  not  use  horizontal  or  vertical  rules.  Do  not  submit 
tables  as  photographs,  or  reduced  in  size,  or  on  oversize  paper. 
Use  the  same  typeface  as  in  the  text.  Supply  the  name  and  ver- 
sion of  any  table-building  computer  program  used. 

Appendices:  Mathematical  calculations,  documents,  and  other 
matter  that  would  clutter  the  main  article  can  be  displayed  in 
appendices.  Number  them  as  Appendix  1.  Appendix  2,  etc,  and 
refer  to  them  in  the  text.  Give  each  appendix  a  descriptive  title 
and  type  it  double-spaced  throughout. 

Illustrations:  Graphs,  line  drawings,  photographs,  and  radi- 
ographs are  called  figures.  Use  only  illustrations  that  clarify  and 
augment  the  text.  Number  them  consecutively  as  Fig.  1,  Fig.  2, 
etc.  according  to  the  order  in  which  they  are  first  mentioned  in 
the  text.  Figures  for  publication  must  be  of  professional  quality, 
but  rough  sketches  may  accompany  the  submitted  manuscript, 
with  final  figures  to  be  prepared  after  review.  Figures  need  not  be 
photographic  reproductions.  Clear,  clean  laser-printer-generated 
figures  are  acceptable  (121-144  dpi).  However,  the  data  from 
which  the  original  graphs  are  generated  should  be  available  to  the 
editor  upon  request.  Remember  that  originals  that  are  roughly  7 
5  9  inches  will  be  reduced  to  less  than  50%  (3  5  4  in)  and  origi- 
nals with  a  horizontal  dimension  of  9  in  will  be  reduced  to  less 
than  33%.  Photographs  must  be  glossy  5  5  7  to  8  5  10-inch  black 
and  white  prints,  unless  color  is  essential.  (If  color  is  essential, 
consult  the  Editor  to  learn  whether  negatives,  transparencies,  or 
prints  are  required.)  In  reports  of  animal  experiments,  use 
schematic  drawings,  not  photographs.  A  letter  of  consent  must 
accompany  any  photograph  in  which  a  possibility  of  identifica- 
tion of  a  person  exists;  masking  the  eyes  is  not  sufficient. 
Lettering  and  numerals  must  be  neat,  uniform  in  size  and  style, 
and  large  enough  to  remain  legible  when  downsized  for  publica- 
tion. Do  not  place  titles  and  detailed  explanations  on  figures;  put 
such  information  in  the  figure  captions.  Identify  each  figure  on 
the  back  with  a  stick-on  label  showing  figure  number,  an  arrow 
indicating  the  top,  and  an  abbreviated  manuscript  title.  Omit 
author's  name.  Cover  label  with  clear  tape  so  ink  will  not 
smudge  other  prints.  Do  not  use  staples  or  paper  clips,  and  do  not 
write  heavily  on  the  backs  of  prints. 

Radiographs:  If  possible,  submit  radiographs  as  full-size 
copies  of  films,  not  as  prints.  Prints  may  be  acceptable,  but  full- 
size  films  are  preferable  in  order  to  display  belter  detail  in  pub- 
lished figures.  Be  sure  all  figures  are  cited  in  the  text.  If  any  fig- 
ure has  been  published  before,  include  copyright-holder's  written 
permission  to  use  it 

Figure  Captions:  Its  caption  should,  to  the  extent  possible, 
make  a  figure  understandable  without  referring  the  reader  to  the 
text.  Type  figure  captions  double-spaced,  on  a  separate  page,  as 
Fig.  I .  Fig.  2,  etc.  When  symbols,  arrows,  numbers,  or  letters  are 
used  in  identify  parts  of  a  figure,  identify  and  explain  each  part 
clearly  in  the  caption.  In  photomicrographs,  explain  the  internal 
SI  ale  and  method  of  staining.   If  a  figure  has  been  published 


before,  acknowledge  the  original  source  in  its  caption  (permis- 
sion must  be  obtained  prior  to  use,  of  course). 

Units  of  Measurement:  Give  measurements  of  length,  height, 
weight,  and  volume  in  metric  units  appropriately  abbreviated. 
Give  temperatures  in  degrees  Celsius.  Give  blood  pressures  in 
millimeters  of  mercury  (mm  Hg).  Report  hematologic  and  clini- 
cal-chemistry measurements  in  conventional  metric  system  and 
in  SI  units  (International  System  of  Units).  Show  gas  pressures 
(including  blood  gas  tensions)  in  torr.  List  SI  equivalent  values, 
when  possible,  in  brackets  following  non-SI  values — for  exam- 
ple, "PEEP,  10  cm  H20  [0.981  kPa]."  For  conversion  to  SI.  see 
Respiratory  Care  1988;33:861-873  (Oct  1988)  and 
1989:34:145  (Feb  1989). 

Arithmetic:  Carefully  double-check  all  arithmetic  before  sub- 
mitting the  paper.  Accuracy  is  the  author's  responsibility;  errors 
are  common! 

Abbreviations  and  Symbols:  Use  standard  abbreviations  and 
symbols.  Avoid  creating  new  abbreviations.  Avoid  all  abbrevia- 
tions in  the  title  and  unusual  abbreviations  in  the  abstract.  Use  an 
abbreviation  only  if  the  term  occurs  several  times  in  the  paper. 
Write  out  the  full  term  the  first  time  it  appears,  followed  by  the 
abbreviation  in  parentheses.  Thereafter,  employ  the  abbreviation 
alone.  Never  use  an  abbreviation  without  defining  it.  Standard 
units  of  measurement  can  be  abbreviated  without  explanation 
(eg,  10  L/min,  15  torr,  2.3  kPa).  If  you  employ  a  great  many 
abbreviations  and  symbols,  provide  a  double-spaced  list  of  them, 
with  their  definitions,  in  alphabetical  order. 

Please  use  the  following  forms:  cm  H20  (not  cmH20),  f  (not 
bpm).  L  (not  1).  L/min  (not  LPM,  l/min,  or  1pm).  mL  (not  ml), 
mm  Hg  (not  mmHg),  pH  (not  Ph  or  PH).  p  >  0.001  (not  p>0.001 ), 
s  (not  sec),  Sp02  (pulse  oximetry  saturation). 

Computer  Diskettes:  A  manuscript  may  be  submitted  on  a 
Macintosh  or  IBM-compatible  diskette.  Macintosh  documents  on 
3.5  in.  diskettes  written  in  Microsoft  Word  versions  4.0  and  5.0 
are  preferred.  However,  we  can  convert  most  documents  from 
software  (including  PC-DOS  format)  to  a  Macintosh-Microsoft 
Word  document. 

Label  each  diskette  with  date;  author's  name;  name  of  word-pro- 
cessing program  and  version  used  to  prepare  documents;  and  file- 
name! s).  If  not  enough  space  is  available,  list  contents  on  disk 
jacket  or  an  attached  note.  Do  not  write  on  a  diskette  except  with 
a  felt-tipped  pen. 

Tables  and  figures  must  be  in  their  own  separate  files,  with  soft- 
ware identified. 

Together  with  diskette,  supply  three  hard  copies  of  the  manu- 
script. Do  not  paperclip  a  diskette  to  its  hard  copy. 

Proofreading  and  In-House  Review:  Have  all  authors  proofread 
the  manuscript  lor  content  accuracy  and  language.  Consider  having 
the  manuscript  reviewed  in-housc  by  colleagues  before  submitting  it. 
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Submitting  the  Manuscript 

Use  the  checklist  below  to  make  sure  the  manuscript  is  ready  for 
mailing.  Mail  three  copies  of  the  manuscript  and  figures  to 
Respiratory  Care,  11030  Abies  Lane,  Dallas  TX  75229-4593. 
Do  not  Fax  manuscripts.  Protect  figures  with  cardboard  to  pre- 
vent bending.  A  computer  diskette  submission  must  be  accompa- 
nied by  the  requisite  three  hard  copies.  Keep  a  copy  of  the  man- 
uscript and  figures  in  your  files  in  case  of  loss.  You  will  be  sent 
an  acknowledgment  that  your  manuscript  has  been  received. 

Cover  Letter:  The  manuscript  must  be  accompanied  by  a  cover- 
ing letter  signed  by  all  the  authors.  The  letter  must  specify  the 
intended  publication  category  and,  when  there  are  two  or  more 
authors,  state  that  "We,  the  undersigned,  have  all  participated  in 
the  work  reported,  proofread  the  accompanying  manuscript,  and 
approved  its  submission  for  publication." 

Permissions:  The  manuscript  must  be  accompanied  by  copies  of 
permissions  to  reproduce  published  material  (figures  or  tables); 
to  use  illustrations  of,  or  report  sensitive  personal  information 


about,    identifiable    persons;    or   to    name    persons    in    the 
Acknowledgments  section. 

Author's  Checklist: 

1 .  Does  paper  fit  a  listed  publication  category? 

2.  Does  the  cover  letter  meet  specifications? 
3.1s  the  title  page  complete? 

4.  Is  double-spacing  used  throughout  entire  manuscript? 

5.  Are  all  pages  numbered  in  upper-right  corners? 

6.  Are  paragraphs  indented  5  spaces? 

7.  Are  all  references,  figures,  and  tables  cited  in  the  text? 

8.  Are  references  typed  in  requested  style? 

9.  Have  SI  values  been  provided? 
10.  Has  all  arithmetic  been  checked? 

1  1 .  Have  generic  names  of  drugs  been  provided? 

12.  Have  necessary  written  permissions  been  provided? 

13.  Have  authors'  names  been  omitted  from  text  and  figure 
labels? 

14.  Have  copies  of  "in  press"  references  been  provided? 

15.  Has  manuscript  been  proofread  by  all  authors? 
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Nonces  ol  competitions,  scholarships,  fellowships,  examination  dales,  new  educational  programs,  and  the  like  will  be  listed  here  free  of 
charge  Items  for  the  Notices  section  must  reach  the  Journal  60  days  before  the  desired  month  of  publication  (January  1  for  the  March  issue, 
February  1  for  the  April  issue,  etc).  Include  all  pertinent  information  and  mail  notices  to  RESPIRATORY  CARE  Notices  Dept,  1 1030  Abies 
Lane.  Dallas  TX  75229-4593. 


Notices 


June  30  Deadline  for  Arcf  Fellowiships 

The  Allen  and  Hanburys  Fellowship  for  Asthma  Education  provides  $3,500  to  allow  completion  of  a 
project  encompassing  asthma  self-management  or  asthma  awareness.  The  Fellowship  also  provides  airfare  and 
one  night's  lodging  to  attend  the  Awards  Ceremony  at  the  AARC  Annual  Convention. 

Three  $1,000  fellowships  are  available.  In  addition  to  the  cash  award,  each  includes  airfare  and  one  night's 
lodging  to  attend  the  Awards  Ceremony  at  the  AARC  Annual  Convention. 

•  The  Lifecare  Fellowship  is  designed  to  foster  projects  dealing  with  mechanical  ventilation,  especially  out 
side  of  the  ICU. 

•  The  Monaghan/Trudell  Fellowship  is  designed  to  support  projects  dealing  with  the  development  of  cost- 
effective  aerosol  delivery. 

•  The  Respironics  Fellowship  is  designed  to  foster  projects  dealing  with  noninvasive  ventilatory  support. 
For  details  and  specifications  for  application,  contact  Lynn  Perkins  or  Joy  Rea  in  the  AARC  Executive  Office 
by  phone  (214)  243-2272  or  FAX  (214)  484-2720. 


AARC  SUMMER  FORUM 

Vail.  Colorado  July  14-16,  1995 


RESPIRATORY  CARE  WEEK 

October  1-7,  1995 


LAST  CALL  FOR  OPEN  FORUM  1995 

It's  time  to  submit  your  abstracts  for  possible  presentation  at  the  OPEN  FORUM  during  the  AARC  Annual 
Meeting  in  Orlando,  Florida,  December  2-5,  1995.  For  information  on  changes  to  the  rules/instructions,  see 
Page  595  of  this  issue.  Final  deadline.  May  27,  1995  (postmark). 


THE  NATIONAL  BOARD  FOR  RESPIRATORY  CARE— 1995  Examination  and  Fee  Schedule 

Examination 

Application 

Examination 

Application 

Date 

Deadline 

Date 

Deadline 

CRTT:          July  15.  1995 

May  1,  1995 

CPFT:           June  3,  1995 

April  1,  1995 

November  11,  1995 

September 

1,  1995 

RPFT:           December  2.  1995 

September  1.  1995 

RRT:             June  3,  1995 

February  1 

,  1995 

December  2,  1995 

August  1, 

995 

Fee  Schedule 

CRTT 

Active 

Inactive 

— new  applicant: 

$  90.00 

CRTT  Recredentialing: 

$25.00 

$  60.00 

— reapplicani 
RRT  Written  and  Clinical  Simulation 
—  new  applicant: 
— reapplicani: 

$  60.00 

$190.00 
$160.00 

RRT  Recredentialing: 
Wnlten  Registry  Examination 
Clinical  Simulation  Examination 

CPFT  Recredentialing: 

$25.00 
$65.00 
$25.00 

$  60.00 
$100.00 
$  80.00 

— new  applicant: 

$  90.00 

RPFT  Recredentialing: 

$25.00 

$130.00 

— reapplicani: 

$  60.00 

P/P  Specialty  Credentialing: 

$25.00 

$130.00 

Clinical  Simulation  Only — new  &  reapplicani: 

$100.00 

Membership  Renewal: 

CPFT 

CRTT/RRT/CPFT/RPFT 

$   17.00 

iicu  applicant: 

$100.00 

— reapplicani: 

$  80.00 

Credential  Verification 

$  2.00 

$  15.00 

— new  applicant: 
— reapplicani 
Pcrinalal/Pedialric  Specially 

$150.00 

$130.00 

Replacement  Certificate 
Copy  of  NBRC  Directory:  1994 
Active  Crcdentialcd  Practitioners 

$  6.00 

N/C 

$  25.00 
$  25.00 

new  applicant: 

$150.00 

Copy  ol  NBRC  1994  Listing  of  All 

— reapplicani: 

$130.00 

Crcdentialcd  Practitioners 

$10.00 

$  25,00 

8310  Neiman  Road  •  Lenexa 

Kansas  66214  •  (913)  599-4200 
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1995  Call  for  Abstracts 


Respiratory  Care  •  Open  Forum 


The  American  Association  for  Respiratory  Care  and  its  sci- 
ence journal.  Respiratory  Care,  invite  submission  of  brief 
abstracts  related  to  any  aspect  of  cardiorespiratory  care.  The 
abstracts  will  be  reviewed,  and  selected  authors  will  be  invit- 
ed to  present  papers  at  the  OPEN  FORUM  during  the  AARC 
Annual  Meeting  in  Orlando,  Florida.  December  2-5,  1995. 
Accepted  abstracts  will  be  published  in  the  November  1995 
issue  of  Respiratory  Care.  Membership  in  the  AARC  is 
not  necessary  for  participation. 

SPECIFICATIONS— READ  CAREFULLY! 

An  abstract  may  report  ( 1 )  an  original  study,  (2)  the  evalua- 
tion of  a  method  or  device,  or  (3)  a  case  or  case  series. 

Topics  may  be  aspects  of  adult  acute  care,  continuing 
care/rehabilitation,  perinatology/pediatrics,  cardiopulmonary 
technology,  health-care  delivery.  The  abstract  may  have 
been  presented  previously  at  a  local  or  regional — but  not  na- 
tional— meeting  and  should  not  have  been  published  previ- 
ously in  a  national  journal.  The  abstract  will  be  the  only  evi- 
dence by  which  the  reviewers  can  decide  whether  the  author 
should  be  invited  to  present  a  paper  at  the  Open  Forum. 
Therefore,  the  abstract  must  provide  all  important  data,  find- 
ings, and  conclusions.  Give  specific  information.  Do  not 
write  such  general  statements  as  "Results  will  be  presented" 
or  "Significance  will  be  discussed." 


Abstract  Format  and  Typing  Instructions 

Accepted  abstracts  will  be  photographed.  First  line  of  abstract 
should  be  the  title  in  all  capital  letters.  Title  should  explain 
content.  Follow  title  with  names  of  all  authors  (including  cre- 
dentials), institutions(s),  and  location.  Underline  presenter's 
name.  Type  or  electronically  print  the  abstract  single  spaced 
in  the  space  provided  on  the  abstract  blank  Insert  only  one 
letter  space  between  sentences.  Text  submission  on  diskette  is 
encouraged  but  must  be  accompanied  by  a  hard  copy. 
Identifiers  will  be  masked  (blinded)  for  review.  Make  the  ab- 
stract all  one  paragraph.  Data  may  be  submitted  in  table  form 
and  simple  figures  may  be  included  provided  they  fit  within 
the  space  allotted.  No  figures,  illustrations,  or  tables  are  to  be 
attached  to  the  abstract  form.  Provide  all  author  information 
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May  23-25  in  Kalispell,  Montana.  The  MSRC  presents  the 
21st  Annual  Conference  of  Respiratory  Care  at  Cavanaugh's 
Inn.  Topics  include  current  trends  in  respiratory  care,  new 
approaches  to  asthma,  a  sleep  disorders  update,  and  new 
developments  in  cystic  fibrosis.  Participants  can  earn  up  to  15 
MSRC-approved  Category  I  continuing  education  units; 
CRCE  credit  has  been  requested.  For  registration  informa- 
tion, contact  Dave  Bunkers  at  (406)  657-4075;  for  hotel 
reservations,  call  Cavanaugh's  Inn  at  (406)  752-6660. 

May  24-26  in  Tucson,  Arizona.  The  ASRC  presents  its 
annual  state  seminar,  which  focuses  on  both  the  clinical  and 
the  general  job  market  for  the  respiratory  care  profession.  The 
seminar,  entitled  "Our  Future  Is  Now — A  Brighter 
Tomorrow."  features  AARC  Director  of  Government  Affairs 
Cheryl  Brown  and  Senator  Jim  Kolbe  (R-AZ).  Contact 
Leanna  Konechne  at  (602)  326-1600. 

June  7-9  in  Round  Top,  New  York.  The  New  Jersey 
Society  for  Respiratory  Care  announces  the  8th  Annual 
Managers/Educators  Rocking  Chair  Conference  at  the  Winter 
Clove  Inn  and  Conference  Center.  Topics  include  hospital 
restructuring,  patient-focus  care  models,  program  accredita- 
tion options,  and  national  and  regional  updates.  The  confer- 
ence is  approved  for  8  CRCE  Category  I  credit  hours.  The 
registration  fee  of  $225  includes  conference  registration,  lodg- 
ing for  two  nights,  meals,  and  gratuities.  Contact  Ken  Wyka  at 
(201)  982-7228  or  Joseph  Sorbello  at  (315)  464-6872. 

June  7-9  in  Henrietta,  Oklahoma.  The  OSRC  hosts  its 
annual  educational  seminar  at  the  Lake  Eufala  Fountainhead 
Resort;  "Making  All  the  Pieces  Fit?!"  is  this  year's  theme. 
CRCE  credit  has  been  requested.  Contact  Gennie  Ridlen  or 
Cynthia  Gray,  Hillcrest  Health  Center,  2129  SW  59th  St, 
Oklahoma  City  OK  731 19  (405)  680-21 16. 

July  14-16  in  Vail,  Colorado.  The  AARC  presents  the 
Summer  Forum,  with  emphasis  on  management  and  educa- 
tion topics.  Consult  the  April  issue  of  AARC  Times  for  pro- 
gram details  and  registration  information. 

June  14-16  in  St.  Charles,  Illinois.  The  ISRC  hosts  its  27th 
Annual  State  Convention,  featuring  workshops  that  examine 
respiratory  protocols,  point-of-care  blood  gas  testing,  essen- 
tial assessment  skills,  and  how  to  improve  your  professional 
image.  Contact  Doug  McQueary  at  (312)  962-4060  or  Jane 
Reynolds  at  (312)  883-6535. 

June  23-24  in  Atlanta,  Georgia.  The  GSRC  and  the  Georgia 
Thoracic  Society  present  a  professional  education  confer- 


ence, in  conjunction  with  the  American  Lung  Association  of 
Georgia,  at  the  Ritz  Carlton  Hotel  in  Buckhead.  Topics 
include  pulmonary  vascular  disease  and  reorganization  of  res- 
piratory care.  Contact  Lynda  Thomas  Goodfellow  or  Vijay 
Deshpande  at  Georgia  State  University,  Department  of 
Cardiopulmonary  Care  Sciences,  University  Plaza,  Atlanta 
GA  30303,  (404)  651-3037,  fax  (404)  651-1531. 

August  23-25  in  Albuquerque,  New  Mexico.  The  NMSRC 
announces  its  Annual  Summer  Convention  at  the 
Albuquerque  Convention  Center.  The  program  features  an 
I.V.  class  and  a  bronchoalveolar  lavage  class;  other  topics 
include  postacute  care  and  pressure-control  ventilation. 
Contact  Brooke  Patterson  of  THC  Hospital  at  (505)  242-4444. 

OTHER  MEETINGS 

May  20-24  in  Seattle,  Washington.  The  American  Thoracic 
Society  hosts  its  annual  International  Conference,  featuring  a 
variety  of  symposia  and  workshops  on  the  prevention  and 
control  of  lung  disease.  Contact  1995  International 
Conference,  American  Thoracic  Society,  1740  Broadway, 
New  York  NY  10019-4374(212)315-8700. 

May  30 -June  4  in  Nashville,  Tennessee.  The  American 
Sleep  Disorders  Association  and  the  Sleep  Research  Society 
announce  their  9th  Annual  Meeting  at  the  Opryland  Hotel. 
For  registration  materials  and  a  copy  of  the  program,  contact 
the  Annual  Meeting  Office  at  (507)  287-6006,  x  661  or  fax 
(507)  287-6008. 

June  16-19  in  Toronto,  Ontario,  Canada.  The  Canadian 
Society  of  Respiratory  Therapists  (CSRT)  announces  its 
30th  Educational  Forum  at  the  Royal  York  Hotel. Workshop 
topics  cover  management,  ventilation,  cardiopulmonary 
diagnostics,  lung  transplantation,  and  research.  Call  (416) 
368-25 1 1  or  fax  (416)  368-2884  for  more  information. 

October  12-15  in  Minneapolis,  Minnesota.  The  American 
Association  of  Cardiovascular  and  Pulmonary  Rehabilitation 
hosts  its  10th  Annual  Meeting,  "Building  on  Success — A 
Decade  of  Progress,"  at  the  Minneapolis  Convention  Center. 
For  registration  and  hotel  information,  contact  Michele 
Johnson  (608)  831-6989. 

October  29-November  2  in  New  York,  New  York.  The 
61st  Annual  International  Scientific  Assembly  sponsored  by 
the  American  College  of  Chest  Physicians  (ACCP)  at  the 
New  York  Hilton  and  Towers  is  entitled  "Chest  1995: 
Prevention  and  Diagnosis  of  Chest  Disease."  Contact  the 
ACCP,  3300  Dundee  Rd,  Northbrook  IL  60062-2348. 
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We'd  like  to  introduce  a  special  new 
feature  of  our  7200*  Series  \entilator: 

Insight. 


The  best 
clinical  decisions 
require  insight.  And 
the  best  insight  comes 
from  the  best  tools.  Like 

the  new  7200  Series 

1  i:       1 
Ventilatory  System. 

You've  always  known  the  7200  Series  for  its 

reliability  and  upgradeabiity.  Now  we're  adding  a 

whole  new  dimension  -  five  enhancements  that  allow 

greater  insight  into  the  patient's  status. 

Graphics  2.0 

allows  you  to 

select  from  a 

menu  of  over  30 

parameters  to 

be  continuously 

trended  for  up 

to  72  hours. 

With  just  two 

simple  key 

presses,  the  7250™  Metabolic  Monitor  accurately  and 

continuously  monitors  whole  body  O:  consumption, 

C02  production  and  calculates  energy  expenditure  for 

ventilated  patients.  Auto-PEEP  provides  reliable  intrinsic 


The  7250  Metabolic  Monitor  continuously 

measures  ana'  calculates  several  metabolic 

parameters  including  energy  expenditure. 

Its  unique  sampling  method  is  designed 

to  improve  measurement  accuracy  on 

mechanically  ventilated  patients. 


A-AA-2171-01  ©1994,  Puritan-Bennett  Corporation 

The  7250  Metabolic  Monitor  is  covered  by  U.S.  patents  5,072,737  and  5,325,8 


The  rapid  shallow  breathing  index  (RR/Vt)  is 
among  over  30  trendable  parameters  in  the  new 
Graphics  2.0  option. 


PEEP  and  circuit 
PEEP  measure- 
ments. DCI  2.0 
allows  two  host 
devices  such  as  bedside 
monitors  and  computers  to 
be  linked  to  the  ventilator  simulta- 
neously. And  finally,  the  Enhanced-Plus 
keyboard  allows  direct  access  to  options  and  shows  you 
at  a  glance  which  are  enabled. 

Together,  the  7200 
Ventilator  and  these  new 
upgrades  give  you  a  greater 
ability  than  ever  before  to 
observe  patient  responses 
to  ventilatory  titration. 
The  new  7200  Series. 
Now  turning  information 
into  insight. 

For  more  information 
about  our  New  Tools  for 
Greater  Insight"  contact 
your  Puritan-Bennett  sales 
representative  or  call  1-800-255-6773. 

1 994  Zenith  Award  Winner 

We're  In  It  For  Life 


Option  keys  on  the  new, 
Enhanced-Plus  allow  direct 
access  to  options  and  identify 
which  are  active.  The  new  bar 
graph  provides  exceptional 
visibility  and  resolution  to  changes 
in  pressure. 
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PULMONARY   FUNCTION/VENTILATION   MONITOR 
Graphic  Printouts... Multi-Patient  Memory... and  Easy  to  Use 

Results-Oriented  Features  At  Cost  Effective  Prices 

■   New  Graphic  Forced  Vital  Capacity  (FVC)  document  printout  of  Flow  vs  Volume  and 
Volume  vs  Time  ■  New  10  patient  memory  with  8  pre-bronchodilator  and  8  post- 
bronchodilator  tests  per  patient  and  automatic  calculation  of  %  change  ■  New  customizing 
software  package  ■  New  Slow  Vital  Capacity  (SVC)  monitoring  ■  Automatic  determination 
of  "best  test"  ■  Knudson,  ITS  and  ECCS  reference  nomograms  ■   Easy  to  operate 


Performs  A  Complete  Range  Of  Test  Measurements 

Forced  Exhalation  Parameters 

■  Forced  Vital  Capacity  (FVC)  ■  Forced  Expiratory  Volume  in  One  Second  (FEV,) 

■  FEV, /FVC  Ratio  ■  FVC  Time  ■  Peak  Flow  ■  Forced  Expiratory  Flow  Between  25% 
and  75%  of  Vital  Capacity  (FEF  25-75*)  ■   Percent  Extrapolated  Volume  (Vol.  EXTRA.J 

Weaning/ Extubation  Parameters 

■  Respiratory  Rate  (RR|  ■  Tidal  Volume  (TV)  ■  Minute  Volume  (MV)  ■  Slow  Vital 
Capacity  (SVC)  ■  Maximum  Voluntary  Ventilation  (MVV)  ■   Negative  Inspiratory 
Force  (NIF) 


For  further  information,  call: 


1-800-325-7472  (outside  Missouri) 


1-800  392-7318  (in  Missouri) 


A  Sherwood 
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